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ABSTRACT 
 
Bartoszek, Joseph E. Ph.D., Bio-Medical Sciences Ph.D. Program, Wright State 
University, 2009. Genetic Differentiation in Ambystomatid Salamanders Across a 
Fragmented Landscape. 
 
It is generally recognized that amphibian populations declining across the globe. Habitat 
loss is the primary cause of decline. The salamander family Ambystomatidae has 
experienced significantly more rapid decline than the average for amphibians. 
Coefficients of Conservatism (CoC) have been developed for amphibians in Ohio. These 
are based primarily on habitat requirements with high CoCs for amphibians with stringent 
habitat requirements (e.g. vernal pools associated with large, intact, undisturbed forest), 
and low CoCs for amphibians with less stringent habitat requirements. Genetic diversity 
in five species and one hybrid complex of ambystomatid salamander in southwest Ohio 
were examined and compared to their respective CoC. Less gene flow across inhospitable 
habitat and consequently lower genetic diversity in that species would be expected 
compared with a species with less restrictive habitat requirements, i.e. a lower CoC. 
Microsatellites were used to determine conformation to Hardy Weinberg Equilibrium 
expectations, allelic and genotypic differences between populations, and inbreeding 
coefficients Fis and Fst. Genetic differences between woodlots and between ponds within 
a woodlot were examined. It was found that, for different species in the same habitat, 
species with higher CoCs have lower genetic diversity than species with lower CoCs. It 
was also found that habitat quality influences genetic diversity in all species. In some 
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habitats, the genetic diversity of all species in that habitat will be lower than that of the 
same species in a more suitable habitat. In some cases presence of the hybrid complex 
(kleptogens) appears to have negatively impacted species that act as a sperm donor to the 
hybrid complex. In some species (e.g. smallmouth salamanders) genetic structure can be 
seen in different ponds within a woodlot. In other species (e.g. tiger salamanders) no such 
structure appears. It was also found that a railroad track acts as a barrier to marbled 
salamanders creating two genetically distinct populations. It was found that maternal 
ancestor of the kleptogens, A. barbouri, also acts as a sperm donor but does not replace 
the A. laterale genome in the nucleus. In addition to species specific differences in 
genetic diversity, habitat quality, and presence of kleptogens also influence genetic 
diversity in ambystomatid salamanders.
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Chapter 1 
 
Background and Methods 
 
There has been concern about global decline of amphibian populations since the 1980s. 
In 1989 the First World Congress of Herpetology convened at the University of Kent in 
England. At this meeting there was a general understanding that declines were occurring, 
but no general consensus on the cause(s) (Collins and Storfer 2003). However, there were 
some herpetologists that contended that declines were not occurring, and what was being 
seen in the field was natural variation in population levels.  
 
Alford and Richards (1999) argued that population declines should be “normal” for 
amphibians. Amphibians have highly variable recruitment from the aquatic to the 
terrestrial stage, with potentially explosive growth of populations when large numbers of 
larvae survive to the adult stage. Therefore several years of population decreases will 
“balance” a year of highly successful recruitment. They looked at population data for 
amphibians from 1951 to 1997 and found, for example, that the salamander family 
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Plethodontidae decreased 42 percent of the time, and increased 58 percent of the time 
(Table 1.1). They also found that the family Ambystomatidae experienced decreases 
more often than increases, decreasing 59.2 percent of the time. Their results with frogs 
was also somewhat variable with two families decreasing more than 50 percent of the 
time and one family, Hylidae, decreasing slightly less than half of the time. They 
attributed the lower values (decreasing less than 50 percent of the time) for 
Plethodontidae and Hylidae to the lower clutch sizes these families have compared to the 
other three amphibian families. A larger clutch size would mean a larger explosive 
growth phase during a successful year. Consecutive year decreases in families with 
smaller clutch sizes would be more detrimental to numbers of surviving adults. They 
argue that population decreases in any one year do not necessarily mean there is a 
population decline taking place.  
 
Stuart et al. (2004) stated, referring to amphibian disappearances in pristine montane 
areas, that “This finding, in addition to many further reports of declines in the 1990s (8, 
10–13), was pivotal in convincing most herpetologists that amphibian declines are 
nonrandom unidirectional events.” (emphasis added) indicating that in 2004 there were 
still some herpetologists unconvinced of actual declines. They go on to state that their 
study was prompted by “The lack of a comprehensive picture of the extent and severity 
of amphibian declines…” The title of a presentation at the Fifth World Congress of 
Herpetology, held June 19–24, 2005, in Stellenbosch, South Africa was “Declines in 
Urodeles: non-existent or understudied?” A brief review of the history of this debate can 
be found in Wake (2003). The majority of herpetologists now agree that long term, non-
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random, unidirectional declines are indeed occurring, that local declines can be attributed 
to a variety of human influences, and that “habitat loss is the greatest threat to 
amphibians” (Mendelson et al. 2006). 
 
The Declining Amphibian Population Task Force (DAPTF) was formed in 1991 to 
investigate causes and monitor amphibian populations. The DAPTF was established by 
the Species Survival Commission (SSC) of the World Conservation Union (IUCN) to 
“determine the nature, extent and causes of declines of amphibians throughout the world, 
and to promote means by which declines can be halted or reversed” (IUCN mission 
statement) (Envirolink 2009). ). Local declines have been attributed to a variety of human 
influences (e.g. deforestation, wetland loss, pollution, etc.) (Halliday 2005). Introduction 
of exotic species (Kats and Ferrer 2003; Smith 2005), combined effects of increased UV 
radiation and environmental chemicals (Blaustein et al. 2003) and pesticide application 
(Sparling et al. 2001; Releya 2004) have all been implicated in causes of decline. 
Diseases such as red leg in frogs have been affecting amphibian populations since at least 
the early 1900s (Emerson and Norris 1905). The fungal disease chytridiomycosis has also 
been present historically but has been emerging recently as an agent in amphibian 
declines as has recently discovered ranaviruses (Daszak et al. 2003). Although several 
causes have been postulated, and several factors may be acting, one clear cause is loss of 
habitat. Although many other taxa are declining, Stuart et al. (2004) found that 
amphibians are far more threatened than either birds or mammals. 
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There is now overwhelming evidence that habitat loss, fragmentation and degradation are 
primary factors in many declines (Linder et al. 2003; Cushman 2006). Stuart et al. (2004) 
presented the pattern of global species loss of amphibians (Figure 1.1). They 
 
Table 1.1 Fluctuations in Amphibian Populations. Means, standard deviations, and 
numbers of time series analyzed for the percentage of year-to-year changes in population 
size that are decreases, for amphibians of five families, and tests for significant 
differences in the mean among families within orders. Alford and Richards 1999 
Family Mean Standard Deviation N 
Salamanders 
Ambystomatidae 59.2 18.1 12 
Plethodontidae 42.0 16.1 14 
Frogs/Toads 
Bufonidae 55.5 19.8 19 
Hylidae 47.3 6.7 15 
Ranidae 60.6 13.0 23 
 
 
discussed three potential causes of amphibian declines: over exploitation, habitat 
reduction, and enigmatic declines. Their data showed regional differences in reasons for 
amphibian decline. The primary cause in Asia was over exploitation and in Central 
America enigmatic declines. In their graphic (Figure 1.1) the west coast of the United 
States, as well as the central states, had high losses of amphibian species attributable to 
habitat reductions. Note in Figure 1.1, the darker green colors found in California and the 
Midwestern states indicating a 4-9 species decline along the coast and 1-3 species decline 
in the Midwest states. The Appalachian Mountain region experienced declines of 1-3 
amphibian species for which the reasons are unknown. However to the east and west of 
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the mountain range, loss was attributable to habitat reductions. In the United States, a 
high percentage of wetland acres have been lost, with 22 states losing more than 50 
percent of their wetlands (Figure 1.2). California has the largest percentage loss, losing 
91 percent of their wetland acreage, with Ohio second in acreage losses, losing 90 
percent. These areas of greatest wetland acreage loss coincide with the Stuart et al. (2004) 
 
 
Figure 1.1 Global Causes of Amphibian Declines. Geographical pattern of the dominant 
causes of rapid decline in amphibian species: overexploited (shades of blue); reduced 
habitat (shades of green); and enigmatic decline (shades of red). Reduced habitat is 
prevalent in the Midwestern United States. Adapted from Stuart et al. 2004 
 
pattern of species loss due to reduced habitat. These data provide compelling evidence 
that amphibian populations in the Midwest, and particularly Ohio, are losing habitat. Four 
families, including Ambystomatidae, experienced significantly more rapid declines of 
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populations than the average amphibian population decline. These losses for the 
Ambystomatidae have been primarily due to habitat reduction (Stuart et al. 2004). 
 
 
Figure 1.2 Wetland Loss in the United States. Percentage of wetland acreage lost, 
1780’s-1980’s, showing that California and Ohio have lost over 90 percent of their 
wetlands. Wetland loss and habitat fragmentation have caused loss of amphibians in 
Ohio. Adapted from Mitsch and Gosselink 1993. 
 
The ambystomatid salamanders share several life history traits. They use fishless, 
temporary pools for breeding. When not at these temporary pools, they are found in 
adjacent forest areas. They are easily desiccated and consequently live on and in moist 
forest floors, are most common in heavy leaf litter and utilize small mammal burrows 
although some may dig or enhance burrows. They are called “mole salamanders” because 
of this life history trait. Ambystomatid salamanders are known to forage at night during 
rains outside of their burrows. They feed on anything that moves and will fit into their 
mouths, generally small invertebrates such as ants, earthworms, spiders, etc. Some 
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species are more closely associated with forest than others. Ambystomatid salamanders, 
in addition to vernal pools, require wooded areas with moist soil and leaf litter to 
complete their life histories. They breed in the late winter/early spring after the first warm 
rains, often while there is still ice on the seasonal pools. The exception to this pattern is 
the marbled salamander which lays its eggs in the dry vernal pool in late fall and tends 
the eggs until the first rains inundate them. The larvae of the marbled salamander are 
present at the time the adults of the other ambystomatids enter the pools to breed 
(Pfingsten and Downs 1989).  
 
Although it has been clearly demonstrated that habitat loss and fragmentation are a 
serious threat to amphibian populations, there is little species specific information 
(Cushman 2006), particularly about ambystomatid salamanders. Several recent studies in 
Ohio have examined the relationship of habitat loss and fragmentation on amphibians in 
general and include some species of ambystomatid salamanders. Two recent dissertations 
from Ohio State University examined the effects of forest fragmentation on amphibians 
(Porej, 2004, Weyrauch, 2004). 
 
Table 1.2 Forest/Ambystomatid Association. Prediction of the strength of association 
with the amount of forest within the core zone surrounding the wetland for species of 
Ambystoma found in southwest Ohio (adapted from Porej et al. 2004). 
Spotted salamander (Ambystoma maculatum) High 
Marbled salamander (A. opacum) High 
Jefferson salamander complex (A. jeffersonianum complex) High 
Smallmouth salamander (A. texanum) Medium 
Tiger salamander (Ambystoma tigrinum tigrinum) No 
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Thre is a positive correlation between forest cover and presence of three species of 
ambystomatid salamander (Pore et al. 2004). One species is negatively correlated with 
the length of roads (Table 1.2) Weyrauch and Grubb (2004) found that, for urodeles, 
woodlot factors influence presence, more so than for anurans. A recent MS thesis 
(Rhoads 2006), PhD dissertation (Porej 2004), and work at the Ohio EPA (Micacchion 
2002, 2004) have examined habitat requirements of ambystomatid salamanders in Ohio. 
 
Micacchion (2002, 2004) developed an amphibian index of biotic integrity (AmphIBI). 
These types of indices have been used to measure the resistance of a biological 
community to perturbation. The IBI was first developed by James Karr (1981) using 
stream fish communities. There are generally about 10 metrics chosen to yield a score. As 
with most indices (e.g. Dow Jones Industrial Index) it gives a quick assessment of 
condition. Micacchion’s AmphIBI used a Coefficient of Conservatism (CoC) as one of 
the metrics. This scaled metric is common in the use of vegetative indices (a similar 
metric used by Karr (1981) was tolerant/sensitive as a metric for fish communities). The 
concept of assigning a numerical value to the “nativeness” of a plant was first attributed 
to Wilhelm (1977). This “nativeness” evolved into the CoC and is based on two factors: 
1) plants have varying degrees of fidelity to specific habitats and their quality, and 2) 
plants have varying tolerances to disturbances and respond in varying degrees 
(Mortellaro et al. 2009). The scale is one to ten, with a lower score indicating that the 
organism is very tolerant to habitat disturbance, and a higher score indicating intact, 
undisturbed habitat requirements. The score (CoC) is determined by consensus of 
scientists with expertise in the particular organisms under consideration. The first CoCs 
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for plants in Ohio were developed by Andreas and Lichvar (1995) for the northern part of 
the state. More recently, statewide values have been developed (Andreas et al. 2004).  
 
Micacchion (2004) studied several wetlands throughout Ohio and developed Coefficient 
of Conservatism scores for amphibians (Table 1.3). Like Porej, Micacchion found some 
diversity in the forest association of ambystomatid salamanders. Spotted salamanders 
were very closely associated with intact forest whereas tiger salamanders were less so. 
 
Table 1.3 Coefficients of Conservatism. Coefficients of Conservatism for species of 
Ambystoma found in southwest Ohio Adapted from Micacchion (2004). 
Species Coefficient Rationale 
Ambystoma 
jeffersonianum  
complex 
5 Jefferson salamanders and associated hybrids require 
relatively intact wooded habitat adjacent to breeding pools 
with low to moderate levels of disturbance 
Ambystoma 
opacum 
9 Marbled salamanders require intact mature woods and 
vernal pools that fill in the late fall/early winter 
Ambystoma 
maculatum 
8 Spotted salamanders have only been collected in least 
disturbed wetlands or moderately disturbed wetlands 
where the disturbance has been recent 
Ambystoma 
texanum 
4 Smallmouth salamanders are the most ubiquitous of the 
ambytomatid salamanders and tolerate wetlands with 
relatively short hydro-periods 
Ambystoma 
tigrinum 
6 Tiger salamanders have been found in a range of wetlands 
with pools that have deep, long lasting hydrology an 
nearby uplands that are reasonably intact 
 
In his review (and prospectus) paper on the effects of habitat loss and fragmentation on 
amphibians, Cushman (2006) called out for amphibian research that is species specific at 
multiple scales. He further suggested that, of four research approaches he proposed, the 
use of molecular methods to track genetic data is an attractive research direction to fill 
the gap of species specific information. Lindenmayer and Peakall (2000) summarized the 
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utility of microsatellites for assessing the genetic consequences of fragmentation, and 
Jehle and Arntzen (2002) further discussed this in the context of amphibians stating 
specifically that these molecular markers were particularly useful for measuring local 
gene flow and migration and assigning individuals to their most likely population of 
origin. 
 
 
Objectives 
 
It was expected that species with more restrictive habitat requirements (e.g. spotted 
salamanders and forested habitat) would be less likely to disperse over larger distances 
than species with less restrictive habitat requirements (e.g. tiger salamanders).  Homan et 
al. (2003) have demonstrated increased stress levels in spotted salamanders coming from 
recently disturbed habitat, and crossing pavement to reach breeding areas. Consequently 
those species with a higher Coefficient of Conservatism would be expected to have lower 
genetic diversity in a fragmented landscape.  
 
In general, taxa with a greater dispersal ability show a lower genetic divergence among 
populations and larger total population size yield a greater total heterozygosity (HT ) than 
taxa with a narrow range and smaller population size (Table 1.4, Allendorf and Luikart 
2007). Birds have a greater vagility, that is they can disperse over greater distances more 
easily than amphibians. Their total heterozygosity was lower than that of amphibians 
because there was less genetic difference between widely spaced populations. They were 
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more readily able to share alleles across these distances than taxa with lower vagility like 
amphibians. The Fst values are also lower in birds since the differences between 
subpopulations over distance is not as great as that of amphibians. The more fragmented 
the populations, the less genetic exchange that occurs between the population fragments.  
 
In general, a higher level of heterozygosity indicates greater genetic diversity in a 
population. With a greater variety of alleles available it is less likely that an individual 
would be homozygous. A greater variety of alleles can be considered the basis for a 
stable and diverse biological community (Figure 1.3) (Bagley et al. 2002). This allelic 
diversity at the scale of the individual allows for adaptation of an organism to a changing 
environment. This resilience translates into adaptability for a community of individuals. 
The study of allele frequency and distribution allows insight into the genetic health of 
populations. Fragmentation of populations and loss of connectivity can lead to an 
increase in inbreeding in the fragmented populations. These small fragmented 
populations can lose genetic diversity by losing alleles through genetic drift. An example 
can be seen in threatened and endangered species compared to related non-endangered 
species. Seventy seven percent of 170 threatened species examined had lower genetic 
diversity than related non-endangered species, having only 60 percent of the genetic 
diversity of the non-endangered species (Frankham et al. 2007). These differences were 
seen by comparing levels diversity using microsatellites (Table 1.4). The number of 
alleles per locus and the heterozygosity are lower in the threatened species relative to 
their non-endangered counterparts. As the population shrinks and more inbreeding occurs 
(resulting in higher Fis values), fewer alleles are available and heterozygosity decreases. 
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This is often referred to as the extinction vortex (Figure 1.4). An example can be seen in 
the Florida panther where the low numbers of individuals in the population led to 
cryptorchidism, low sperm quality, atrial septal defect, and opportunistic infections, 
(Roelke et al. 1993). 
 
 
 
Ecosystem
Species
Alleles
Biodiversity
 
Figure 1.3 Biodiversity pyramid. Genetic diversity is the foundation of diverse and 
healthy ecosystems. Healthy ecosystems are built upon a diverse allelic base. Adapted 
from Bagley et al. 2002. 
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Table 1.4 Microsatellite diversity in threatened and related non-endangered species. 
Average number of alleles per locus (A) and heterozygosity (H) are given for 
polymorphic loci. Globally threatened, of previously threatened, species are complared 
with the most closely related but non-endangered species for which data are available 
(Frankham et al. 2002). 
Threatened Species A H Non-endangered Species A H 
Mexican wolf 2.7 0.42 Gray wolf 4.5 0.62 
African wild dog 3.5 0.56 Domestic dog 6.4 0.73 
Cheetah 3.4 0.39 African lion 4.3 0.66 
Mariana crow 1.8 0.16 American crow 6.0 0.68 
Mauritius kestrel 1.4 0.10 European kestrel 5.5 0.68 
Peregrine falcon 4.1 0.48 Lesser kestrel 5.4 0.70 
Komodo dragon 4.0 0.31 American alligator 8.3 0.67 
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Figure 1.4 Extinction Vortex. The fragmentation of habitat reduces gene flow between 
isolated populations. Isolated populations risk extinction through reduced genetic 
diversity, increased inbreeding and genetic drift, and decreased reproduction and 
survival, referred to as the extinction vortex. 
 
A population should attain a predictable proportion of heterozygote to homozygote 
individuals. In order for the proportion to be attained seven assumptions must be made. 
Those are that the population must be very large, that the population reproduces sexually, 
that the organisms are diploid, that mating occurs randomly, that there is no selection, no 
mutation, and no migration occurring. If all seven assumptions are met, allele frequencies 
will not change over time and reach a predictable proportion within one generation. This 
 
 
14
is expressed in a binomial equation (p2 + 2pq + q2 = 1, where p is the frequency of the 
dominant allele and q is the frequency of the recessive allele in the population) that was 
developed concurrently by two scientists, G. H Hardy and Wilhelm Weinberg and is 
referred to as Hardy-Weinberg Equilibrium (HWE). Deviations from HWE in the 
populations in this study can likely be attributed to violations of two of the assumptions, 
migration or population size. It is less likely that any of the other assumptions would be 
violated. For most salamanders sexual reproduction occurs between diploid individuals. 
Microsatellites should not come under selection pressure as they are non-coding 
segments of DNA. This assumption may be violated if they are linked to genes that are 
under selection pressure. Tests for linkage disequilibrium should detect this condition.  
Mutation should not be a significant factor at the fine temporal and geographic scale of 
this study. It is likely that mating between individuals is random. These factors should 
remain fairly constant across populations but movement of individuals between 
populations and population size would be the most likely factors to vary between 
populations. A small population would have a lower diversity and be less likely to be in 
HWE (with a deficit of heterozygotes). A population that has little migration of 
individuals to/from neighboring populations will have alleles that are likely to be 
different from the neighboring populations (high between population Fst values). 
 
Among amphibians, anurans (frogs and toads) generally have less genetic divergence 
between populations than urodeles (salamanders) and within groups, geographically 
closer populations are more similar genetically, over short distances (Table 1.5). 
Ambystomatid salamanders are also known to return to their natal pools to breed, even 
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passing suitable alternative breeding ponds en route to their native pond (Gamble et al. 
2007; Whitford and Vinegar 1996). It is not known how this influences the genetic 
diversity of different species within a large forested area. It is also not known if barriers 
between populations within a forested area (e.g. roads, railroads) cause further 
fragmentation of populations. Successful conservation strategies can only be developed 
with an understanding of species specific effects of habitat fragmentation. 
 
Table 1.5 Genetic Relationships of Major Taxa. Comparison of HT, HS, and FST for 
different major taxa of animals (Ward et al. 1992) and plants classified by their 
geographic range (Hamrick and Godt 1990, 1996). Note that birds, with greater mobility 
and therefore ability to exchange genes across a larger geographic expanse, have less 
genetic divergence (i.e. lower HT) than amphibians. (Allendorf and Luikart 2007). HT is 
the heterozygosity across all populations, HS is the heterozygosity across the 
subpopulations. FST is differentiation among subpopulations relative to the total 
population and describes how different two populations are from each other. 
Taxa  HT  HS  FST  No. species 
Amphibians  0.136 0.094 0.315 33  
Birds  0.059 0.054 0.076 16  
Fish  0.067 0.054 0.135 79  
Mammals  0.078 0.054 0.242 57  
Reptiles  0.124 0.090 0.258 22  
Crustaceans  0.088 0.063 0.169 19  
Insects  0.138 0.122 0.097 46  
Mollusks  0.157 0.121 0.263 44  
Endemic plants  0.096 0.063 0.248 100  
Regional plants  0.150 0.118 0.216 180  
Widespread plants  0.202 0.159 0.210 85  
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Cushman (2006) pointed out the importance of landscape scale and species-specific 
differences when assessing factors affecting the survival of amphibian populations in 
fragmented landscapes. He suggested molecular genetic methods as a particularly 
attractive method to provide information on gene flow between ponds and determine the 
influence of specific landscape features and environmental conditions in population 
connectivity. He summarized his review and prospectus of effects of habitat loss and 
fragmentation on amphibians as follows: 
• Habitat loss and fragmentation are among the largest threats to amphibian 
populations. 
• The extent, pattern and quality of terrestrial habitat in landscape mosaics are as 
important for many species as the quality of breeding sites. 
• Many species of amphibians appear vulnerable to both the loss and fragmentation 
of nonbreeding upland habitat. 
• Population connectivity appears to be a key to regional viability, and is primarily 
effected through juvenile dispersal. 
• In fragmented landscapes, dispersal survival is often lower than required for 
population viability. 
• The preponderance of evidence suggests that the short term impacts of habitat loss 
and fragmentation increase with dispersal ability. 
• Species with limited dispersal abilities are equally imperiled by habitat loss and 
fragmentation over longer time periods. 
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Table 1.6 Amphibian Fst Values. Fst values and distances between populations for 
amphibian from several sources. In general, Fst values increase as distances increase and 
anuran values are lower than urodele values. 
anuran
Bufo bufo 5.5 to 14.5 0.016 Scribner et al 1994 
Bufo calamita A 2 to 3.6 0.060 Rowe et al 2000
Bufo calamita B 2 to 16 0.224 Rowe et al 2000
Bufo calamita C 0.5 to 9 0.111 Rowe et al 2000
Rana luteiventris 3 to 34 0.070 Call et al 1998
Rana sylvatica 0.05 to 21 0.014 Newman and Squire 2001
Rana temporaria 200 to 1600 0.235 Palo et al 2004
Litoria aurea 1 to 1000 0.172 Burns 2004
Litoria aurea 5 to 80 0.034 Burns 2004
Hyla versicolor 0.1 to 73 0.060 Johnson 2005, distance related
Hyla arborea 5 to 15 >0.2 Arens et al 2006
Hyla arborea 5 <0.8 Arens et al 2006
urodele
Dicamptoron tenebrosus microsat 0.084 Curtis and Taylor 2003, in Spear et al 2006
Dicamptoron tenebrosus AFLP 0.117 Curtis and Taylor 2003, in Spear et al 2006
Ambystoma barbouri >5 0.270 Storfer 1999, in Spear et al 2006
Ambystoma barbouri <5 0.162 Storfer 1999, in Spear et al 2006
Ambystoma macrodactylum within basins 0.026 Tallmon et al 2000, in Spear et al 2006
Ambystoma macrodactylum among basins 0.124 Tallmon et al 2000, in Spear et al 2006
Ambystoma tigrinum mavortium allozyme 36 0.372 Routman 1993, in Spear et al 2006
Ambystoma tigrinum mavortium mtDNA 36 0.443 Routman 1993, in Spear et al 2006
Ambystoma tigrinum melanostictum <1 to 50 0.240 Spear et al 2005
Ambystoma tigrinum melanostictum <5 <0.18 Spear et al 2005
Ambystoma tigrinum melanostictum >40 >0.44 Spear et al 2005
 
 
• Combining molecular genetics and spatial modeling of organism movement 
provides a means to improve understanding of how habitat amounts and 
configurations influence dispersal, survival and population dynamics. 
• Effective conservation of amphibian populations is limited by the lack of species-
specific ecological knowledge, and lack of landscape-level studies of the effects of 
habitat loss and fragmentation on movement, survival rates, and population 
dynamics. 
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• Conservation strategies could benefit from taking multi-scale, landscape-level 
approaches that integrate knowledge of species biology with broad-scale 
evaluations of the area and accessibility of both breeding and nonbreeding habitat. 
 
To determine gene flow within and between woodlots for species of Ambystoma 
that occur in southwest Ohio, molecular methods were used. 
 
Hypotheses and Specific Aims 
 
1. I hypothesized that different species of ambystomatid salamander would have different 
genetic diversities across a fragmented landscape. I further hypothesized that species with 
a high coefficient of conservatism (Micacchion 2002, 2004) would have lower genetic 
diversity than species with a lower coefficient of conservatism across a fragmented 
landscape (Figure 1.5). I supporedt these hypotheses by completing the following specific 
aims:  
Specific Aim 1.1: I demonstrated that different species of Ambystoma using the same 
breeding pond had different genetic diversities.  
Specific Aim 1.2: I demonstrated that species of Ambystoma with a higher coefficient of 
conservatism had lower genetic diversity than species of Ambystoma with a lower 
coefficient of conservatism using the same breeding pond. 
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Woodlot A
Woodlot B
Agriculture
R es idential
Industrial
L ow C oC
e.g. A. texanum
High C oC
e.g. A. opacum
L and uses :
S ample populations  of
A. texanum and A. opacum
in both woodlots . Isolation of
populations  of A. opacum should
produce lowered genetic  divers ity 
in each woodlot.
 
Figure 1.5 Model showing species with high CoC less likely to cross unsuitable habitat 
than a species with a low CoC.  
 
2. I hypothesized that, within a single forested area, different breeding ponds had distinct 
subpopulations of the same species of salamander (Figure 1.6). I supported this 
hypothesis by completing the following specific aim: 
Specific Aim 2.1: I demonstrated that salamanders of the same species within a forested 
area using different breeding ponds were genetically distinct. 
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Figure 1.6 Model depicting fidelity of specific individuals of the same species to a 
particular pool within a wetland. For example those A. opacum individuals in yellow will 
always use pond B whereas those in red will always use pond A creating genetic structure 
within this species in this woodlot over time. 
 
3. I hypothesized that the construction of a railroad track acted as a barrier to populations 
of salamanders on either side of the railroad track. I supported this hypothesis by 
completing the following specific aims: 
Specific Aim 3.1: I  determined the genetic diversity between two populations of 
Ambystoma opacum within a woodlot on either side of a railroad track. 
Specific Aim 3.2: I determined the genetic diversity between two populations of 
Ambystoma opacum within a woodlot without anthropogenic barriers. 
Specific Aim 3.3: Idemonstrated that the genetic differentiation between two populations 
of Ambystoma opacum within a woodlot on either side of a railroad track were greater 
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than genetic differentiation between two populations of Ambystoma opacum within a 
woodlot without anthropogenic barriers. 
 
Materials and Methods 
 
Sample Collection 
 
Breeding adults come to vernal pools for about two weeks in late winter/early spring. 
Collection of samples was best made during the breeding congresses of the adults during 
this time (generally late February to early March). I collected samples from several 
species of ambystomatid salamander from different breeding populations within a 
woodlot and from several woodlots in southwest Ohio (Figure 1.3, Appendix A).  
 
Collection of salamanders was made following the protocol developed by Ohio EPA and 
described in detail in Micacchion (2002, 2004). Funnel traps were used for collection. 
These traps were constructed of aluminum window screen cylinders with fiberglass 
window screen funnels at each end. The funnel traps were similar in design to 
commercially available minnow traps. However, the use of window screen, with its 
smaller mesh, made the traps better able to collect a wide range of sizes of larval 
amphibians and macroinvertebrates. Aluminum screening was used for the cylinders to 
provide maximum structure and fiberglass screening was used for the funnels to allow 
flexibility to ease funnel inversion and eversion. The aluminum screen cylinders were 18" 
(45.7 cm) long and 8" (20.3 cm) in diameter and held together with wire staples. The 
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bases of the fiberglass screen funnels were 8" in diameter and attached with wire staples 
to both ends of the cylinder such that the funnel directed inward. The funnels had a 
circular opening in the middle that was 1.75" (4.4 cm) in diameter which served as the 
means of entry into the trap.  
 
Ten funnel traps were set for approximately 24 hours at a wetland, three times per year, 
February/March, April/May, and June/July. The traps were evenly spaced around the 
perimeter of the wetland. Flagging tape was attached to the traps to facilitate retrieval. 
The trap was set on the substrate of the wetland with most of the trap completely 
submersed. A small amount of the trap protruded to the atmosphere. This allowed a way 
for animals that need access to the surface to obtain air to get to it. This became more 
important in the later sampling events as the water warmed and the oxygen content of the 
water droped. No bait was used in the traps; these were activity traps and animals entered 
through the funnel shaped opening. Due to the shape of the opening, once animals found 
their way into the trap, it was difficult for them to find their way out again. By retrieving 
traps the next day, mortality was diminished.  
 
Upon retrieval the screened end of the funnel traps were everted and the animals removed 
by shaking the trap over a white plastic tray filled with water from the wetland. Animals 
caught in the funnel traps had a small tissue sample taken from the end of the tail, and the 
animal was released back to the pool from which they were captured, sampling protocol 
AUP #506 was approved by WSU LACUC through March 3, 2007, and reapplication 
protocol AUP #704 was submitted January 24, 2007 and approved for an additional two 
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years (Appendix C). Ambystomatid salamanders regenerate the lost tissue. Collecting 
permits were obtained from the Ohio Department of Natural Resources, and, where 
appropriate, other governing authority (e.g. Hamilton, Darke, and Miami County Parks, 
Ohio Historical Society). Aerial photos, land use, and number of each species sampled 
from each site are detailed in Appendix A. 
 
 
Figure 1.3 Sampling locations in southwest Ohio. Some locations have several clustered 
breeding pools within one forested area (e.g. BGW1 through BGW4 in Miami County). 
See Appendix A for additional sampling site details. 
 
 
 
 
24
Laboratory Methods 
 
DNA extraction for some samples was carried out on a small (approximately 1 to 20 mg) 
sample of tail tissue using a Proteinase K/lysis buffer extraction, (5ml 100Mm Tris HCl 
@ pH 8.5, 0.5ml 0.5M EDTA, 1ml 10% SDS, 2ml 5M NaCl (0.1g in 20ml) 0.25ml 
Proteinase K (20ug/ml), bring to 50ml with ddH2O), phenol/chloroform purification, (1:1 
phenol:chloroform), pipetting off top (aqueous) layer, followed by precipitation of top 
layer using ethanol or isopropyl alcohol (spin at 7K for 1 minute), removed excess 
alcohol from DNA pellet, dried, resuspended the pellet in buffer. Most DNA extraction 
was done using a Qiagen DNeasy blood and tissue kit following the manufacturers 
insturction. Three to thirteen microsatellite loci were analyzed for each species.  
 
I strove to have at least 20 animals per pond for analysis although this was not always 
possible. In some cases, if there were no statistically significant differences in allele and 
genotype distribution between ponds in a woodlot, the animals from more than one pond 
within a woodlot were pooled. In some cases a smaller number of animals were suitable 
for determining genetic structure. If heterozygosity is low and several microsatellite loci 
are examined, small numbers of individuals are sufficient, however if heterozygosity is 
high more individuals (e.g. more than 10) are needed (Nei 1990). Genetic structure was 
evident in some of the locations in this study in which fewer than 20 individuals from a 
location were available for analysis.. 
 
Microsatellite data, which have been used extensively in conservation genetics, were  
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recommended at the scale used in this study (Lindenmayer and Peakall 2000), and have 
been recommended for use with amphibians (Jehle and Arntzen 2002; Cushman 2006). 
Microsatellites are highly polymorphic, non-coding, tandem repeat units of DNA.  
 
Several microsatellite loci had been developed (over 100 available on Genbank 
1/13/2009 rev.) and published for ambystomatid salamanders (Wieczorek et al. 2002; 
Mech et al. 2003; Julian et al. 2003a; Julian et al. 2003b; Williams and DeWoody 2004; 
Croshaw et al. 2005; Ramsden et al. 2005). Several labs were working on individual 
species of ambystomatid salamanders, and where practicable, those labs were utilized to 
assist in choosing and analyzing the appropriate microsatellites. The individuals in these 
labs had the experience of choosing the best loci for that species. Even if several loci 
were available, not all loci reveal the maximum information. For example a large number 
of alleles at a locus are preferred to few alleles. The frequency of the most common allele 
should not exceed 95%, lower frequencies being preferred. There was also cross species 
amplification of microsatellites with ambystomatids. Twenty eight microsatellite loci 
were used for the analysis in this study. The microsatellites loci, allele frequencies, and 
power of discrimination for each locus for each species are listed in that species 
respective chapter. The microsatellites, their primer and repeat sequences, and references 
from which primer specific amplification protocols were derived are in Table 1.6. 
Table 1.7 All microsatellites used in this study, forward and reverse primer sequences, repeat sequence and the reference from which 
the primer specific PCR amplification protocols were used. 
Locus Forward primer Reverse primer Repeat Sequence Reference
Aop31 CAGTCGGGCGTCATCAGGCTTGTCTCCAGTTGT TGATTTTTCCTCTTTCACTAC AAAG Croshaw et al, 2005
AmaD328 CCCCAGTTTGTTTGTTTTGTAG ATGACCCTTCCAGCTAATACAG TAGA Croshaw et al, 2005; Julian et al, 2003a
AjeD162 AAATGTTCCAACCAGTCACAAC GATTAAGCTAGAGGGCTTGTCC TAGA Croshaw et al, 2005; Julian et al, 2003b
Aop36 CCTTGTGTGGACATGAT GGAAACAGCTATGACCATGAACCAAAATAA GAGT Croshaw et al, 2005
AmaD95 AGCGCTTAGATACCTCTCGG TATTGCATGTGAATATCGATGG TAGA Croshaw et al, 2005; Julian et al, 2003a
AjeD23 AAAACCTCTGGAGAAACATGAG GAACACAGGCTACTAACAACAGG TAGA Croshaw et al, 2005; Julian et al, 2003b
AjeD283 TTGCACCCTTGGCAGATG TGTAATGGGTCAGGCAATAATC TAGA Julian et al, 2003b
AjeD378 GGCAAACCATATTTTCCATAAC AGAAACCTCTGGGTATTAAGGC TAGA Julian et al, 2003b
AjeD422 CAAGGTGCTCAAGTTACTGTTC CAAATTCTGTACCTGACTGCTG TAGA Julian et al, 2003b
Atex74 TCAACGAAAGAGGTGTTGGGT TCCAACGACAGCGGTATAAA GACA Williams and DeWoody, 2004
AjeD94 ATATCCCATTCCATTGTTTCTG ATGGACATTCACATGATCACC TAGA Julian et al, 2003b
AjeD346 AGCAGGATTAGTGCTTAGATGC TGGCAATGTTTACCTAAGAGAG TAGA Julian et al, 2003b
AjeD422 CAAGGTGCTCAAGTTACTGTTC CAAATTCTGTACCTGACTGCTG TAGA Croshaw et al, 2005; Julian et al, 2003a
ATS5-7 GGGCTTGAATCATGTAGTGG GGGAAGACTAGATGGCAATAAC CA Mech et al, 2003
ATS4-20 TGTTTTGCCCTTATGTCG GCCCAAATCCTAAAGAGTAAGT CA Mech et al, 2003
ATS14-3 GGGCACTGAAACGGAACACT CCCCAAATGGCGTCCCT CA Mech et al, 2003
AmaD321 GATGCCTTGAAACTTGTTCTTC TGGTGCATCTATATTCCTCAAG TATC Croshaw et al, 2005; Julian et al, 2003a
AjeD448 CAGAATTTCCCACATCACTTTAG AGGAACTGTCCATCATTGTTTC TAGA-11,CAGA-4,TAGA-3 Julian et al, 2003b
AjeD162 AAATGTTCCAACCAGTCACAAC GATTAAGCTAGAGGGCTTGTCC TAGA Julian et al, 2003b
AmaD049 TGGTCCCTTCTACAGTCTTCTC GAGATTGTGAGATCTAAGTTGGC TAGA Julian et al, 2003a
AmaC151 TTTTAACCTCTGAGTGTGTCCC ACTCTCGCAATTGATATGTGTG TACA Julian et al, 2003a
AmaD099 TTCCTGTCTGTCGTGTCAGC ACACATGCAAATTCCTATGACC TAGA Julian et al, 2003a
AmaD184 CTGTCAGCCAGAGTTGGAAG GAATGGTGTGGAATTGTAGGAG TACT Julian et al, 2003a
AmaD328 CCCCAGTTTGTTTGTTTTGTAG ATGACCCTTCCAGCTAATACAG TAGA Julian et al, 2003a
AmaC040 CATTTTCTTATTGCAGTTGTCG ATTTAAACCTGGATTGCCTATG TACA Julian et al, 2003a
AmaD315 AGTAAGCAGTTCCATTGTTGTG TGAAGAACTTTCGGAGATTTAAG TACT Julian et al, 2003a
AmaD042 GATGGAAAATCAATCAAGTGTG TAACTAGCTGTCAATCGCTCTC TAGA Croshaw et al, 2005; Julian et al, 2003a
AmaD287 TATGATGAACTCCACCAATCC TGCTTTATGTTCTATGTGCCTG TATC Julian et al, 2003a .
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Data Analysis 
 
The power of discrimination (PD) was calculated for each of the microsatellite loci. The 
analysis followed that by Kloosterman et al. (1993) where PD = 1-∑(Gi)2 and Gi is the 
frequency of the ith genotype at a locus. Calculations were carried out using excel 
PowerStats from Promega (Tereba 1999). 
 
Populations were tested for deviation from Hardy Weinberg Equilibrium (HWE). An 
exact test using Genepop (Rousset 2007) was performed on the data. For the probability 
of the exact test the probability of the observed sample was used to define the rejection 
zone, and the P-value of the test corresponded to the sum of the probabilities of all tables 
(with the same allelic counts) with the same or lower probability. This is the "exact HW 
test" of Haldane (1954), Weir (1990), Guo and Thompson (1992) and others. A score (U 
test) was also run to test for a deficiency of heterozygotes.  
 
Genetic differences were tested using two analyses available in GENEPOP, allelic 
distribution and genotypic distribution. For allelic distribution, for each locus, and for all 
pairs of populations for all loci, an unbiased estimate of the P-value of the probability test 
(or Fisher exact test) was performed, as described by Raymond and Rousset (1995). A 
contingency table was constructed for the alleles at each locus, each row representing a 
population, each column an allele. An unbiased estimate of the exact value (or P) of a 
type one error probability for rejecting the null hypothesis was computed by summing the 
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probabilities of all tables that have the same or smaller probabilities and with the dame 
row and column sums. Because of the size of the number of cases examined is very large 
with most data sets, Raymond and Rousset (1995) developed a Markov chain algorithm 
based on the Metropolis-Hastings algorithm (Metropolis et al. 1953; Hastings 1970) that 
calculates an unbiased estimate of this probability. 
 
Inbreeding coefficients (F statistics) were compared between populations and were 
calculated using the methods of Weir and Cockerham (1984). Rather than using the 
heterozygosities of the sub and total populations as originally introduced by Wright 
(1951), Fst = 1 – (Hs/Ht) where Hs is the heterozygosity of subpopulations and Ht is the 
heterozygosity of the overall total population, rather Fst is calculated directly by using the 
variance of allele frequencies over subpopulations and is designated as θ by Weir and 
Cockerham (1984) as follows: 
xij = X + aI + bij 
where xij is the probability of an individual having allele A with variance σ2 
X is the overall probability of having allele A 
aI is the subpopulation effect with variance σa2 
and bij is the individual variation effect with variance σb2 
The size of the variance among subpopulation allele frequencies is made by calculating 
the ratio of the subpopulation variance to the total variance: 
Fst (or θ) = σa2 / σ2 
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F statistics calculated using the methods of Weir and Cockerham (1984) were compared 
with other variations of calculating Fst, that is Rho (ρ) statistics calculated using the 
method of Rousset (1996), and Phi (Φ) (Michalakis and Excoffier 1996), and Rst (Slatkin 
1995). Rho, Phi ,and Rst are but a few of the multitude of descriptor variables various 
authors have used calculating variations of Fst, see for additional examples Excoffier et 
al. (1992), Huff et al. (1993), and Peakall et al. (1995). These three methods are more 
commonly included in available software for calculating Fst. Slatkin (1995), and the 
others, used the additional information that microsatellite data may provide about the 
relationships among alleles: 
Rst = (St – Sw)/St, where St (termed S-bar by Slatkin) is the variance in allele size in the 
total population, and Sw is the variance in allele size within subpopulations. Michalakis 
and Excoffier (1996) and Rousset (1996) have shown that this term can also be similarly 
estimated by Φst in an AMOVA framework, after calculating appropriate distances 
between alleles (based on the sum of the squared differences in repeat length). 
 
Fis is the inbreeding in the total population and can be calculated using the formula Fis = 
1 – (Ht/Hs) where Hs is the heterozygosity of subpopulations and Ht is the heterozygosity 
of the overall total population. It is calculated in Genpop based on the relationship Fis = 
(Q1-Q2)/1- Q2 where Q are probabilities of identity in state, Q1 among alleles within 
individuals, and Q2 among alleles in different individuals within populations. 
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Chapters 2 through 6 address each of the species of Ambystoma individually. Chapter 7 
addresses the hypotheses and specific aims using the data generated in the chapters 
describing the individual species results.
 
 
 
 
Chapter 2 
Ambystoma opacum Marbled salamander 
 
Introduction 
 
Ambystomatid salamanders have natal fidelity, that is they return to pool from which 
they metamorphosed to breed.  About 5-7% of Ambystoma opacum seek new breeding 
areas (Scott, 1994).  Marbled salamanders, although sharing breeding areas with other 
Ambystomatid salamanders, are unusual in that they lay eggs in the Fall rather than early 
Spring.  The female generally will attend the eggs until the first rains fill the pool and 
eggs are inundated.  The young hatch out and the larvae are feeding before the other 
Ambystomatid salamanders have bred.  Their larger size later in the spring allows them 
to feed on the other Ambystomatid larvae when they hatch.  Marbled salamanders can be 
found from southern New England to eastern Texas and are found in a few counties in 
northern Ohio, but are primarily found in the southern part of the state (Appendix B), 
Ohio being in the northern part of their range. I sampled a population from Hamilton 
County, Ohio near the northern edge of Hamilton County (Figure 2.1). No known 
marbled salamander breeding areas lie closer than Fort Ancient, in Warren County, 
approximately 54 km to the east, and East Fork Lake, approximately 57 km to the 
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southeast in Clermont County.  There is an additional population at Culberson Preserve in 
Clinton County. A population known historically from the southwest corner of Warren 
County was apparently destroyed by development of that area (King 1935; Jeff Davis 
personal communication). I sampled at the Fort Ancient, East Fork Lake, and Culberson 
Preserve locations but did not capture any marbled salamanders at those locations. 
 
 
Figure 2.1 Sample Locations for Marbled Salamanders. The only sample locations at 
which Marbled salamanders were caught were at the northerly edge of the Hamilton 
County near the Hamilton/Butler County line.  From the population to the west side of a 
set of railroad tracks, 17 animals were captured (7 in 2005, 10 in 2006), and 20 (in 2006) 
from a population on the east side of the tracks. 
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The Hamilton County location is in an isolated woodlot surrounded by agricultural, 
residential, and light industrial land uses (Appendix A). A railroad track divides the 17 
hectare woodlot into a forested area to the east approximately 5.5 hectares in size and a 
forested area to the west approximately 11.5 hectares in size. There is a small stream that 
passes through the forested area to the north of the breeding areas and passes under the 
railroad tracks through a culvert (Figure 2.2).  Water pools along the base of the railroad 
bed on either side of the track.  
 
 
 
 
 
 
 
 
 N↑
 
Figure 2.2 East and West Pond Locations. Two populations were sampled from either 
side of the railroad tracks. Small ponds form along the base of the tracks that are used for 
breeding by the salamanders. A small stream, initiated by agricultural drainage tiles, 
flows from the west, under the railroad tracks, to the east. 
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During particularly wet periods, the water may extend further into the wooded areas, and 
to the east of the track, additional pools form in the forested area further east. Other 
ambystomatid salamanders utilize the west breeding area, including spotted, jefferson, 
and smallmouth salamanders.  Marbled salamanders were found to be using pools on 
both sides of the railroad tracks. Twenty animals were sampled from the east side of the 
railroad tracks in 2006 and seven animals were sampled from the west side of the railroad 
tracks in 2005 and ten animals in 2006 for a total of 17 animals sampled from the 
population on the west side of the railroad tracks. 
 
Results 
Six highly polymorphic microsatellite loci were used. All microsatellites were tetra 
repeats and the alleles were designated by four base pair differences in size. Some 
differentials were less than four base pairs and those were placed into the group to which 
they most closely matched. Within population mean number of alleles ranged from 6 
(West 2005) to 8.2 (both West and East populations). Across both populations the 
number of alleles varied from six to fourteen per locus with allele frequency of the most 
common allele being between 22 and 42 percent (Table 2.1). Discriminating power was 
high with the lowest locus having a power of discrimination (PD) of 0.816. 
 
Genetic differences were tested using two analyses available in GENEPOP, allelic 
distribution and genotypic distribution. For the marbled salamanders in this study (Figure 
2.3) the P value for locus Aop31 and, importantly, the combined P value scores for 
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Table 2.1. Marbled Salamander Allele Frequency. Number and frequency of alleles 
across all populations per locus. The lowest number of alleles at a locus was 6 
(AmaD328) and the frequency of the most frequent allele was less than 42% (Aop36). 
PD is the power of discrimination for each locus. 
Locus % most frequent # of alleles PD 
Aop31 27 11 0.931 
AmaD328 38.2 6 0.869 
AjeD162 28.4 11 0.938 
Aop36 41.7 8 0.816 
AmaD95 22.1 14 0.931 
AjeD23 34.7 8 0.895 
 
differences in alleles betweenWest and East populations were significant (P<0.05). The 
combined P value scores for the differences in alleles between the two years on the west 
side of the tracks (West 2005 and West 2006 populations) were not significant (P=0.85), 
nor were they significant for any of the individual loci.  
 
Although neither result was significant (at P<0.05) for the genotypic distribution, there 
was more genotypic variation between the East and West populations than between the 
West 2005 and West 2006 populations (P=0.21 vs. P=0.97 respectively). 
Inbreeding coefficients (F statistics) were compared both between the West and East 
populations and between years (2005 vs. 2006) in the West population (Table 2.2) and 
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Figure 2.3. Allelic Differentiation for Population Pairs. West and East (blue bar), West 
2005 and West 2006 (yellow bar), showing P value and standard error for each locus and 
for all loci using GENEPOP 3.4. The null hypothesis tested is “H0: the allelic distribution 
is identical across populations”. The difference between the West and East populations is 
significant (P<0.05) but not between the two years on the West side (P=0.85) indicating 
the same alleles appear on the West side over multiple years, but different alleles appear 
on the West versus East sides. 
* Significant at P<0.05. 
 
were calculated using the methods of Weir and Cockerham (1984). Comparison of Fst 
values between years in the West and between the West and East populations 
demonstrate a greater difference between the populations on either side of the RR tracks 
than found between years on one side of the tracks (Fst values of 0.02 West/East and -
0.04 West 2005/2006). F statistics calculated using the methods of Weir and 
Cockerham(1984) were compared with other variations of calculating Fst, that is Rho (ρ) 
statistics calculated using the method of Rousset (1996) and Phi (Φ) (Michalakis and 
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Excoffier 1996), and Rst (Slatkin 1995) (Table 2.3). This comparison demonstrates that, 
although absolute values vary, the result that the West 2005 and West 2006 populations 
are much more alike than the West and East populations remains evident. Fst values 
continue to be the most frequently reported value in the published literature and will be 
used throughout the remainder of the chapters. 
 
Table 2.2. East/West Fst Values. Fst (Weir and Cockerham 1984) values comparing both 
the West/East populations and the West population between 2005/2006. Data are shown 
for each locus and for all loci combined (GENEPOP 3.4). Fst for all loci for West/East 
populations is 0.0203, for the West 2005/2006 populations is -0.0404. 
Locus West/East 2005/2006
Aop31 0.0316 -0.0524 
AmaD328 0.0561 -0.0378 
AjeD162 0.0102 -0.0453 
Aop36 -0.0156 -0.0257 
AmaD95 -0.0030 -0.0603 
AjeD23 0.0432 -0.0213 
All loci 0.0203 -0.0404 
 
 
Table 2.3. Between Population Statistics Comparison. Comparison of results of various 
population statistics for both the West and East and the West 2005 and West 2006 
population comparisons. 
Statistic West and East West 2005 and West 2006 
Φst 0.030 -0.060 
Rst -0.020 -0.060 
Rhost -0.0324 -0.0880 
Fst 0.0203 -0.0404 
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Discussion 
 
 
Marbled salamander larvae in the West and East ponds exhibit significant genetic 
differentiation, whereas those collected between years on the West side did not. This 
result is surprising, considering this location was undisturbed as recently as 1902 when 
the grading for the railroad took place. A review of early land surveys suggests a single 
large wetland area was at this location. Until construction of the railroad it is likely that 
there was only one population in a single pond.  The East and West populations are in 
close proximity and are potentially connected via movement both over the railroad tracks 
and along the stream through a culvert under the tracks. This configuration would appear 
to allow dispersal of individuals from one side of the tracks to the other relatively easily. 
The moderate Fst value between East and West ponds indicates some gene flow across 
the tracks or may be a result of the recent division of a single population into two. This 
value is comparable to that seen in other studies of ambystomatids living in moderately 
fragmented habitats. In another study of Marbled Salamanders in southeast Ohio, 
pairwise Fst values ranged from 0.002, where there was contiguous forest between sites, 
to as high as 0.217 when there were significant barriers to dispersion (Greenwald et al. 
2009). In Yellowstone, Spear et al. (2005) found Fst values were 0.026 and 0.010 in 
populations of Tiger Salamanders less than 1 km apart. There was no significant 
differentiation between the populations at this distance. Across his study area, the 
salamanders had an Fst of 0.24. Amphibians, generally, have higher Fst values than other 
taxa, with a review reporting an Fst of 0.315 for 33 species of amphibians versus an Fst of 
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0.076 for 16 species of birds (Ward et al. 1992). This is due in large part to the low 
dispersal ability of amphibians and their need for moist cover. Gene flow between 
breeding areas in salamanders is low as indicated by Fst values, but occurs between 
breeding ponds in close proximity (Table 6.1).  The Fst between the two sides of the 
railroad track, while low in absolute terms, is higher than expected for ponds in such 
close proximity. This result is striking when compared with values between years on one 
side of the railroad tracks, and with values seen in marbled salamander populations in 
other parts of Ohio.  
Female marbled salamanders are known to occasionally arrive at a breeding area 
already carrying sperm (Krenz and Scott 1994). It is unknown how close to the breeding 
ponds the female encounters a male and picks up a spermatophore. This behavior should 
increase the likelihood of movement of alleles from one population to the other. The 
average age to sexual maturity in this species is 3-4 years (Pechmann 1995), with a 
maximum lifespan of approximately 8-10 years (Graham 1971; Taylor and Scott 1997).  
The populations have been separated by the railroad for a little over 100 years or about 25 
overlapping generations. However the allelic distribution indicates that the same animals 
(or their offspring) breed on the west side of the railroad tracks in subsequent years. The 
data also indicate that animals breeding on the east side of the railroad tracks have 
different alleles than those that breed on the west side. The data suggest that there is 
substantial fidelity to breeding on one side of the railroad tracks versus the other. 
Observed heterozygosities (approximately 0.60 to 0.65) in these populations were 
consistently far below expected heterozygosities (0.96), a deviation from Hardy 
Weinberg Equilibrium (HWE). A population should attain and remain in HWE after a 
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single generation if certain assumptions are not violated. Those assumptions are a large, 
sexually reproducing population with random mating, and no selection, mutation, or 
migration. Deviations from HWE are probably due to the small size and genetic isolation 
of this population. Spear et al. (2006) reviewed several microsatellite studies of 
salamanders and found the average expected heterozygosity to be 0.519 with a range of 
0.140 to 0.937.  They also found Fis values to range from -0.089 to 0.218 in populations 
of tiger salamanders in Yellowstone. Small populations tend to have higher Fis values 
(inbreeding coefficient for subpopulations).  These marbled salamander populations have 
high inbreeding coefficients, greater than 0.2. This isolated population of marbled 
salamanders appears to be under genetic stress as indicated by the high Fis values and 
deviation from HWE. 
The forested areas on either side are not very large (5.5 ha East and 11.5 ha West).  
Semlitsch and Bodie (2003) suggested a buffer of 218 m from the edge of the breeding 
pool would protect sufficient upland habitat to support a breeding population of 
salamanders.  Adult marbled salamanders migrate an average of 194 meters (range: 0- 
450 m) in Indiana (Williams 1973); however, they have been found to migrate over one 
kilometer in other systems (Gamble et al. 2006). The forested area around the breeding 
pools appears to be large enough to sustain a population of salamanders. The furthest 
forest edge from the breeding pool is ~400 m to the west for the West population and 
~200 m to the east for the East population. Using the guideline from Semlitsch and Bodie 
(2003) of 142-289 m for core habitat, there should be enough forested area on either side 
of the railroad tracks to sustain a population. It is unlikely that migration from outside of 
this population occurs since the closest known breeding population is more than 50 km 
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away, much farther than these animal are known to migrate. It is unlikely there are any 
populations that have not been discovered closer to this location since this area has been 
surveyed extensively by herpetologists associated with the Cincinnati Museum of Natural 
History. Additionally, the land area between this population and the other known 
populations would be hostile for any migration attempt. 
The indicators of gene flow (allelic distribution, genotypic distribution, and Fst values) 
suggest that there is much lower gene flow between the breeding ponds on either side of 
the railroad tracks than within a breeding pond on one side.  Comparing Fst of marbled 
salamanders in southeast Ohio with Fst of these populations suggest the railroad tracks as 
a significant barrier to gene flow. In this case the construction of the railroad appears to 
have further fragmented the habitat within an isolated woodlot. High Fis and deviation 
from HWE suggest these populations may already be under genetic stress. Barriers to 
gene flow like the railroad track add further to genetic stress. Maintaining and enhancing 
connectivity between populations of marbled salamanders is needed to maintain genetic 
diversity in these populations. Wildlife corridors such as culverts have been successful in 
allowing connectivity across barriers such as roads. Although they often increase 
predation since it is easier for predators to locate migrating prey through these corridors, 
the benefits of connectivity to additional loss due to predation would need to be assessed. 
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Chapter 3 
Ambystoma maculatum Spotted salamander 
 
Introduction 
 
Spotted salamanders are found throughout eastern North America and are distributed 
throughout much of Ohio (Appendix B). Spotted salamanders require undisturbed forest 
associated with their breeding areas (Porej 2004; Micacchion 2002, 2004). The forest 
area should extend several hundred meters back from the waters edge (Semlitsch and 
Bodie 2003). Of all the ambystomatid salamanders, the forest requirement appears to be 
most severe for this species. Micacchion (2002) gives it the maximum coefficient of 
conservatism score in his amphibian index of biotic integrity (AmphIBI). A major threat 
to this species is the continued development and destruction of suitable habitat in Ohio. 
Increased levels of stress hormones have been detected in animals that cross inhospitable 
habitat to reach breeding areas and in animals whose habitat has been recently disturbed 
(Homan et al. 2003). I sampled and obtained microsatellite data from three populations of 
spotted salamanders from three different counties in southwest Ohio (Figure 3.1, 
Appendix A).
 
 
Figure 3.1 Sample Locations for Spotted Salamanders. Location of the three sampling 
sites in Clark, Greene, and Hamilton Counties, OH, where spotted salamanders were 
taken. 
 
One location (SELMA) is in Clark County, Ohio, has a large population of spotted 
salamanders. A census of breeding adults in 1993 found 2,276 males and 585 females 
entering the pond from January 25 to April 9 (Selander 1994). Tiger salamanders and 
unisexual Jefferson complex females were also found during this census, as was a single 
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breeding pair of smallmouth salamanders. The pond is bordered on one side by a road 
and is situated on the northern edge of a 27 hectare woodlot (Appendix A). 
Samples were also collected at SUGAR, located within a 250 hectare metropark in 
Greene County, OH. The vernal pool sampled was constructed in 1998. A nearby pond, 
about 70 m southwest of the sample location, was constructed in the early 1970s by 
digging out a wet area where drainage tiles were located. The pond was “seeded” with 
spotted salamander larvae in the 1970s. According to the manager of the park at that 
time, about 200 larvae were purchased for $5 (in a 5 gallon pail) from a student at the 
Miami Valley Career Technical Center in Montgomery County.  The MVCTC reportedly 
has a vernal pool on their site with a population of spotted salamanders. This pond is 
located approximately 55 km east north east of SELMA and 31 km north east of SUGAR.  
The park manager did not believe that any ambystomatid salamanders were present on 
the park prior to his introduction of spotted salamanders. Several attempts were made to 
capture spotted salamanders at the MVCTC site, but only smallmouth salamanders were 
found. 
The third location (BUTTER) sampled for spotted salamanders is located in Hamilton 
County and is the 17 hectare woodlot described in Chapter 2. The spotted salamanders 
were captured on the west side of the railroad tracks. 
 
Results 
 
Thirteen microsatellite loci were used for genotyping individuals. The number of alleles 
per locus ranged from 5 to 17. The frequency of the most frequent allele was 65.4% 
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(Table 3.1). Hardy-Weinberg equilibrium tests (Table 3.2) using GENEPOP 3.4 show 
significant (P<0.05) departures in the Selma and Sugar populations (P=0.0036, and 
P=0.0146 respectively), but not the Butterfield population (P=0.1519). The power of 
discrimination of the loci averaged 0.875 ranging from 0.957 to 0.672. 
 
Table 3.1 Spotted Salamander Allele Frequency. Number and frequency of alleles across 
all populations per locus. The lowest number of alleles at a locus was 5 (D042) and the 
frequency of the most frequent allele was 65.4% (D315). The  power of discrimination 
(PD) averaged 0.875 across all loci raging from 0.957 to 0.672. 
Locus % most frequent Number of alleles PD 
C040 26.8 12 0.924 
C151 59.3 8 0.777 
D023 25.0 17 0.938 
D042 65.0 5 0.721 
D049 34.1 10 0.899 
D099 29.3 9 0.895 
D162 17.1 17 0.957 
D184 15.2 16 0.953 
D287 28.8 8 0.905 
D315 65.4 8 0.672 
D321 28.9 9 0.912 
D328 35.1 12 0.885 
D448 27.2 13 0.943 
 
 
Table 3.2 Spotted Salamander HWE. Hardy-Weinberg probabilities for all populations. 
The null hypothesis tested is “H0: there is a random union of gametes”.   
POP P-val 
Selma 0.0036
Sugar 0.0146
Butter 0.1519
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The alternative hypothesis (H1= heterozygote deficiency) was tested using a more 
powerful test than the probability-test, the score test (U test) (Rousset and Raymond, 
1995). Results are shown in Table 3.3. 
 
Table 3.3 Heterozygote Deficit. HWE deficit P values for all populations. The hypothesis 
tested is H1= heterozygote deficiency. 
POP P-val S.E. 
Selma 0.0020 0.0007
Sugar 0.0000 0.0000
Butter 0.0000 0.0000
 
 
GENEPOP 3.4 was used to analyze allelic and genotypic differentiation between 
populations and all population differentiation was highly significant for both allelic and 
genotypic analyses (Table 3.4). 
 
Table 3.4 Allelic and Genotypic Differences. Allelic and genotypic differences between 
population pairs as determined by GENEPOP 3.4. All population pairs are significantly 
different both allelicly and genotypically. 
Allelic 
Population pair Chi2 df P-value 
Selma & Sugar Infinity 26 Highly sign.
Selma & Butter Infinity 26 Highly sign.
Sugar & Butter Infinity 26 Highly sign.
Genotypic 
Population pair Chi2 df P-value 
Sugar & Selma Infinity 26 Highly sign.
Butter & Selma Infinity 26 Highly sign.
Butter & Sugar Infinity 26 Highly sign.
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Fst values ranged from 0.1487 to 0.1746 for population pairs indicating the populations 
are very different (Table 3.5). Inbreeding coefficients (Fis) varied from 0.08 to 0.19 for 
the populations (Table 3.6) and was closely correlated to the capture rate of breeding 
adults (Figure 3.7). 
 
 
Table 3.5 Population Pair Fst Values for Spotted Salamanders. Fst values (GENEPOP 
3.4) for each of the population pairs and the distance between each of the spotted 
salamander populations. 
Site 1 Site 2 Fst Dist (km)
Selma Sugar 0.1746 40 
Selma Butter 0.1707 103 
Butter Sugar 0.1487 64 
 
 
Table 3.6 Inbreeding Coefficients (Fis) for Spotted Salamanders. Fis values for the three 
sites for spotted salamanders. A and n represent the number of breeding adults and 
number of animals sampled respectively at each location. 
A n Pop Fis 
201 20 Selma 0.0809
44 20 Sugar 0.1413
7 7 Butter 0.1932
 
 
Discussion 
 
Selma, Sugar, and Butter are widely separated geographically (Figure 3.1, Table 3.5) and 
this is reflected in their high Fst values (0.1487 to 0.1746) and differentiation. This differs 
from recently published information on spotted salamanders in northeast Ohio that 
indicate lack of genetic structure in this species over relatively long distances (55.6 km) 
(Purrenhage et al. 2009). In another study with 29 populations of spotted salamanders Fst 
values were as high as 0.168 (average 0.073), but these populations were not considered 
statistically different in exact tests of differentiation (Zamudio and Wieczorek, 2007). Fst 
was significantly correlated with geographical distance, but no clear pattern of IBD was 
detected over the 29 populations. In this study, Fst, allelic and genotypic differences 
suggest three distinct populations. To further test the result of this study, Bayesian cluster 
analysis was performed. The result of this analysis further supports three distinct 
populations. Using STRUCTURE, clustering analysis supported K=3 (Figure 3.2). 
 
It may be that spotted salamanders populations exhibit less structure than some 
ambystomatid salamanders. The smallmouth salamanders we studied showed structure in 
adjacent pools within a woodlot. We found structure in populations separated by 40 km at 
the closest. This was less distance than that in which Purrenhage et al. (2009) did not find 
structure, however our populations were separated by inhospitable habitat and may have 
been for a longer period of time than the populations in northeast Ohio. Some of the 
earliest agricultural periodicals in Ohio were published in Cincinnati (e.g. the Western 
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Figure 3.2 Bayesian Clustering for Spotted Salamanders. Population structure inferred by 
Bayesian assignment of all individuals from the three locations. The top figure represents 
the individual membership coefficients. The bottom figure shows the values for 
LnProb(data) for each K at K=1 through 5. 
 
Tiller, published in 1826; The Farmer's Review, published in 1831) indicating agriculture 
may have developed earlier in southwest Ohio. Another influence in our study was our 
centrally located population (Sugar) came from about 200 larvae planted there in the 
early 1970s. The “seed” animals came from a location approximately 55 km east north 
east of SELMA and 31 km north east of SUGAR. Another potential confounding factor 
could be the geographical location of these populations being around the division 
between two major clades of spotted salamanders. Phillips (1994) first proposed two 
divergent clades of A. maculatum the east-west clade separated by a central highlands 
clade (Figure 3.3). Recent mitochondrial DNA evidence indicates that two and perhaps 
three divergent lineages inhabit this range (Zamudio and Savage 2004) and that the 
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division between two clades may fall within Ohio (Figures 3.4 and 3.5).  Additional 
samples were taken in 2006 (Zamudio personal communication) to try to further delineate 
this clade division. Studies done with the Mole salamander, Ambystoma talpoideum 
(Figure 3.6) indicate two clades with an east-west division of one clade and a separate 
southern clade (Donovan et al. 2000), however the range of the mole salamander does not 
extend northward into Ohio. Should the populations in southwest Ohio fall within this 
clade division zone, it may also explain the greater differences between populations than 
those found in northeast Ohio. 
 
 
Figure 3.3 Spotted salamander haplotypes. Spotted salamander mtDNA haplotype 
relationships. From Donovan et al. (2000) redrawn and modified from Phillips (1994). 
Haplotypes are designated by capital letters contained within circles. Numbers on lines 
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connecting haplotypes or groups of haplotypes indicate the minimum number of 
restriction site differences between haplotypes. The dashed line indicates the range of A. 
maculatum.  
 
 
Figure 3.4 Spotted salamander Clades. Geographic distribution of Ambystoma 
maculatum (shaded) in eastern North America and collection localities for mtDNA 
analysis. Open and closed circles identify the clade (coastal and interior, respectively) to 
which individuals in that population belong; mixed circles represent populations where 
individuals of both haplotypes were collected syntopically; asterisks indicate fossil 
Ambystoma localities (Zamudio and Savage 2003). 
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Figure 3.5 Formation of Clades. Summary of the major inferred historical processes and 
events that led to the current distribution of Ambystoma maculatum haplotypes in (A) the 
interior clade, and (B) the coastal clade. Dashed lines delimit biogeographical provinces 
or regions: (I) Atlantic and Gulf Coastal Plains, (II) eastern (Appalachian) Highlands, 
(III) Interior Plains. Solid lines encompass populations identified as ancestral in each 
clade in nested clade analyses. Hatched lines indicate probable fragmentation events 
among historically isolated groups of populations. Solid arrows indicate contiguous range 
expansions and dashed arrows indicate areas of restricted gene flow and/or isolation by 
distance (Zamudio and Savage 2003). 
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Figure 3.6 Mole Salamander Haplotypes. Distribution/frequency map of mtDNA 
haplotypes from A. talpoideum. Pie charts indicate the location sampled and frequency of 
mtDNA haplotypes from the two major haplotype clades.  The dotted line indicates the 
range of A. talpoideum (Donovan et al. 2000) 
 
HWE probabilities and Fis values both reflect the number of adult animals captured at the 
three respective sites. One interesting result of this study is that it appears as though the 
capture rate using the funnel trap method may be indicative of breeding population size 
and give an early indication of populations under genetic stress. The pond where a large 
number of adults were captured (Selma) has the lowest Fis s value and the site with the 
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fewest captured (Butter) has the highest Fis value. The log plot of this data has a very high 
R value (Figure 3.7). 
 
 
Figure 3.7 Number of Spotted Salamanders captured and Inbreeding Coefficient. Log 
plot of number of adult animals captured (N) against Fis value for Selma, Sugar, and 
Butter sites. 
 
The forested area for the Butter site is the smallest at 17 hectares overall, 11.5 hectares 
west of the railroad tracks. Selma is a 27 hectare woodlot and Sugar is a 250 hectare 
metropark primarily forested. This species, like the marbled salamanders, has a high 
coefficient of conservatism as they require undisturbed forested areas and wetlands. 
Consequently gene flow across unsuitable habitat is limited and populations in these three 
locations are genetically isolated from each other. Spotted salamanders at the Butter site, 
like the marbled salamanders, may be experiencing some genetic stress. Both have high 
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Fis values (~0.2) and are not in HWE. Using the funnel trap protocol of Micacchion 
(2002) to capture breeding spotted salamanders may be a simple method to detect 
inbreeding coefficients and consequently genetic stress in populations of this species.  
 
I studied three populations of spotted salamanders separated by at least 40 km and 
showing distinct genetic separation from each other. This may be an artifact of the source 
of the centrally located population (approximately 200 larvae transferred to the site in the 
mid 1970s), an indication that these populations fall in the division between the clades of 
spotted salamanders, or that little gene flow has occurred between these populations for 
an extended period of time. This lack of gene flow would most likely be caused by large 
expanses of inhospitable habitat between breeding populations. Lack of gene flow is also 
supported by high inbreeding coefficients and deficit of heterozygotes, particularly in 
populations that appear to have a lower number of breeding individuals. 
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Chapter 4 
Ambystoma texanum Smallmouth salamander 
 
Introduction 
 
The smallmouth salamander (Ambystoma texanum) is found throughout the midsection of 
the United States (Appendix B). A closely related species, the streamside salamander 
(Ambystoma barbouri) has a much more restricted range (Appendix B). As its name 
indicates, the streamside salamander generally breeds in streams rather than vernal pools. 
These two species are considered closely related and first thought to be recently separated 
(thousands of years). Recent data indicates a much longer separation between these two 
species i.e. millions of years (Niedzwiecki 2005). During this study, streamside 
salamanders were captured at a vernal pool that was also being used by the Jefferson 
salamander and unisexual females of the Jefferson salamander complex and is described 
in Chapter 5. Although A. barbouri genome had not yet been found in the genome of the 
Jefferson salamander unisexual hybrid complex, it believed to be the species from which 
the complex originally arose (Robertson et al. 2006). It was at this location that we found, 
for the first time, the A. barbouri in the genome of the Jefferson salamander unisexual 
hybrid. The smallmouth salamander is not as common in southwest as in northern Ohio 
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(Appendix B). The streamside salamander is more common in southwest Ohio (Appendix 
B). Smallmouth salamanders were captured at a complex of three forested wetlands in a 
woodlot set within the urban landscape of Dayton, Montgomery County, Ohio (Appendix 
A).  These wetlands have since been destroyed (January 2006 by illegal actions of a 
developer, Figures 4.1, 4.2). This illustrates the continued fragmentation of these habitats 
in southwest Ohio. Microsatellite data from these sites were compared with each other 
and with animals from five other locations in southwest Ohio (Figure 4.3).
 
 
Figure 4.1 Meijer Sampling Location 2005. Woodlot with three ponds in which 
smallmouth salamanders were sampled within the city of Dayton, Montgomery County, 
Ohio, Meijer #1, #2, and #3 (Graphic courtesy of Google maps). 
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Figure 4.2 Meijer Sampling Location 2006. Wetlands at the Montgomery County site 
can be seen clearly in 2006 after a developer removed all of the trees on the property. 
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Figure 4.3 Sample Locations for Smallmouth Salamanders. Sampling sites in Ohio with 
the sites with Smallmouth salamanders highlighted. 
 
Results 
 
Five microsatellite loci were used for genotyping individuals. All microsatellites were 
tetra repeats and the alleles were designated by four base pair differences in size. The 
number of alleles varied from six to eighteen per locus with allele frequency of the most 
common allele being between 25 and 69 percent with the exception of locus AjeD346 
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which had only 1 allele. Locus AjeD346 was included in the analyses as it was diagnostic 
for A. texanum in a mixed population. The power of discrimination averaged 0.830 for 
the four polymorphic loci ranging from 0.544 to 0.944 (Table 4.1). 
 
Table 4.1 Smallmouth Salamander Allele Frequency. Number and frequency of alleles 
per locus. The lowest number of alleles at a locus was 1 and the frequency of the most 
frequent allele was 100% at this locus. This locus was kept as it was diagnostic in 
determining smallmouth salamanders when hybrids were present. The next lowest 
number of alleles at a locus was 6 and the frequency of the most frequent allele was 
68.9%. The power of discrimination (PD) averaged 0.830 ranging from 0.544 to 0.944 for 
the polymorphic loci. 
Locus % most frequent # of alleles PD 
AjeD283 29.4 18 0.944 
AjeD346 100 1  
AjeD378 68.9 6 0.544 
AjeD422 24.6 15 0.950 
Atex74 31.6 10 0.883 
 
 
Three woodlots contained several different pools in which breeding Ambystoma texanum 
were found. Meijer had three pools, all with A. texanum, with the exception of a single A. 
tigrinum, the only ambystomatid captured was A. texanum. At Possum Creek (PosCrk) 
and MVCTC only A. texanum were captured. Drew Woods (DW) and Garbrys Big 
Woods (GBW) also had multiple pools with A. texanum and other ambystomatid species 
(See Appendix A for detail on species, numbers of individuals, and location). Analyses 
were performed on each of the individual populations from each of the pools and with 
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grouping the pools within a single woodlot. Fst values for all population pairs varied from 
no differentiation to very great differentiation (i.e. Fst >0.25, Tables 4.2-4.3). 
 
Allelic and genotypic differentiation analyses were performed on each of the individual 
populations from each of the pools and with grouping the pools within a single woodlot. 
Allelic and genotypic differentiation for population pairs was determined using 
GENEPOP 4.0.7 and is shown in Tables 4.4 and 4.5. Several population pairs were 
significantly different (P<0.05).  
 
Hardy-Weinberg exact tests were run on all populations as well as populations grouped in 
a woodlot (Table 4.7). The alternative hypothesis (H1= heterozygote deficiency) was 
tested using a more powerful test than the probability-test, the score test (U test) (Rousset 
and Raymond, 1995) in GENEPOP 4.0.7. Results are shown in Table 4.8.  
 
Table 4.2. Fst values for Smallmouth Salamanders. Fst values for all population pairs 
GENEPOP 4.0.7. 
POP Meij1 Meij2 Meij3 Mart MVC But DW1 DW2 DW3 GBW1 GBW2 GBW3 GBW4
Meij2 0.060
Meij3 0.137 0.033
Mart 0.060 0.047 0.039
MVC 0.062 0.089 0.147 0.162
But 0.241 0.086 0.157 0.279 0.266
DW1 0.101 0.155 0.185 0.160 0.112 0.047
DW2 0.252 0.142 0.168 0.440 0.351 0.625 0.054
DW3 0.076 0.123 0.189 0.182 0.080 0.058 0.018 0.200
GBW1 0.149 0.067 0.128 0.238 0.128 0.064 0.077 0.070 0.072
GBW2 0.085 0.039 0.084 0.089 0.085 0.015 0.043 0.106 0.085 -0.002
GBW3 0.274 0.183 0.229 0.440 0.366 0.571 0.186 0.667 0.200 -0.177 0.106
GBW4 -0.006 -0.054 -0.007 -0.078 0.011 0.000 0.059 0.184 0.028 -0.120 -0.031 0.070
PosCrk 0.224 0.353 0.356 0.202 0.182 0.203 0.199 0.191 0.277 0.114 0.115 0.320 0.048  
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Table 4.3. Pooled woodlot Fst values for Smallmouth Salamanders.  Fst values for all 
population pairs, within woodlot pools combined GENEPOP 4.0.7. 
POP Meij Mart MVC DW GBW 
Mart 0.0324     
MVC 0.0773 0.1615    
DW 0.1291 0.1454 0.0931   
GBW 0.0579 0.0874 0.0754 0.0543  
PosCk 0.3460 0.2016 0.1819 0.1851 0.1085 
 
 
Table 4.4. Allelic and Genotypic Differences for Smallmouth Salamanders. Allelic and 
genotypic differentiation (below and above the diagonal respectively) showing P value 
for all loci using GENEPOP 4.0.7. The null hypothesis tested is “H0: the allelic/genotypic 
distribution is identical across populations”.   
* Significant at P<0.05 indicated in bold. 
POP Meij1 Meij2 Meij3 Mart MVC But DW1 DW2 DW3 GBW1 GBW2 GBW3 GBW4 PosCrk
Meij1 0.000 H sig 0.113 0.007 0.010 0.000 0.025 0.012 0.011 0.000 0.026 0.327 0.000
Meij2 H Sig 0.000 0.119 0.000 0.003 0.000 0.077 0.002 0.001 0.000 0.008 0.353 0.000
Meij3 H Sig 0.000 0.047 0.000 0.004 0.000 0.106 0.000 0.004 H sig 0.015 0.253 0.000
Mart 0.171 0.071 0.048 0.021 0.251 0.069 0.255 0.099 0.098 0.106 0.254 0.835 0.100
MVC 0.012 0.000 0.000 0.062 0.158 0.015 0.126 0.054 0.093 0.022 0.127 0.174 0.014
But 0.000 0.000 0.000 0.283 0.011 0.446 - - - 0.182 - - 0.502
DW1 0.000 H Sig H Sig 0.027 0.005 0.024 0.375 0.311 0.119 0.023 0.127 0.169 0.017
DW2 0.007 0.003 0.008 0.053 0.062 0.332 0.589 - - 0.448 - - -
DW3 0.009 0.000 0.000 0.052 0.059 0.326 0.083 0.328 0.595 0.013 - 0.598 0.334
GBW1 0.000 H Sig 0.000 0.042 0.044 0.555 0.045 0.636 0.256 0.629 1.000 1.000 1.000
GBW2 0.000 H Sig H Sig 0.136 0.019 0.081 0.015 0.407 0.002 0.494 0.640 0.829 0.007
GBW3 0.001 0.000 0.003 0.122 0.018 0.700 0.069 0.697 0.289 0.961 0.577 - -
GBW4 0.345 0.260 0.209 0.903 0.357 0.704 0.198 0.316 0.621 0.838 0.867 0.635 1.000
PosCrk H Sig H Sig H Sig 0.090 0.007 0.298 0.000 0.493 0.007 0.162 0.006 0.167 0.288  
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Table 4.5 Pooled woodlot Allelic and Genotypic Differences for Smallmouth 
Salamanders. Allelic (below the diagonal) and genotypic (above the diagonal) 
differentiation showing P value for all loci using GENEPOP 4.0.7. The null hypothesis 
tested is “H0: the allelic/genotypic distribution is identical across populations”.   
* Significant at P<0.05 indicated in bold. 
POP Meij Mart MVC DW GBW PosCrk 
Meij   0.130081 0.000065 H sig H sig H sig 
Mart 0.101288   0.019258 0.090252 0.059878 0.100062 
MVC 0.000011 0.064253   0.014965 0.007175 0.015348 
DW H Sig 0.005527 0.003851   0.000020 0.021472 
GBW H Sig 0.087561 0.007620 0.000001   0.002742 
PosCk H Sig 0.097676 0.007650 0.000042 0.000990   
 
 
Table 4.6 Inbreeding coefficient (Fis) for Smallmouth Salamanders. Fis values for all 
populations and populations grouped in a woodlot. The number of adults captured in a 
single sampling event is indicated in the far left column (A) and the number of 
individuals sampled is indicated in the second column from the left (n). GENEPOP 4.0.7. 
A n Location Fis Location Fis 
41 16 Meijers1 -0.1235 
29 44 Meijers2 0.1447 
82 30 Meijers3 0.1437 
Meijers 0.1376 
2 3 MartinFarm -0.3333 MartinFarm -0.3333 
5 5 MVCTC -0.3176 MVCTC -0.3176 
 1 Butterfield -   
4 7 Drew1 0.2398 
 1 Drew2 - 
3 3 Drew3 0.2258 
Drew 0.2687 
5 2 GBW1 0.1429 
32 14 GBW2 0.0075 
4 1 GBW3 - 
3 2 GBW4 0.1429 
GBW 0.0455 
6 3 PosCrk 0.0769 PosCrk 0.0769 
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Table 4.7 Smallmouth Salamander HWE. Hardy-Weinberg probabilities for all 
populations (left) and populations in a woodlot grouped (right). The null hypothesis 
tested is “H0: there is a random union of gametes”.  GENEPOP 4.0.7. 
POP P-val
Meij1 0.6065
Meij2 H Sig
Meij3 H Sig
Mart 1.0000
MVC 0.1639
But -
DW1 0.0549
DW2 -
DW3 0.6388
GBW1 0.6950
GBW2 0.5218
GBW3 -
GBW4 0.6991
PosCrk 0.7821
POP P-val
Meij H Sig
Mart 1.0000
MVC 0.1538
DW 0.0029
GBW 0.1322
PosCk 0.7687  
 
 
Table 4.8 Heterozygote Deficits in Smallmouth Salamanders. HWE deficit P values for 
all populations (left) and populations in a woodlot grouped (right). The hypothesis tested 
is H1= heterozygote deficiency. GENEPOP 4.0.7. 
Pop P-val S.E.
Meijers1 0.8083 0.0110
Meijers2 0.0054 0.0012
Meijers3 0.0053 0.0014
MartinFarm 1.0000 0.0000
MVCTC 0.8746 0.0038
Butterfield - -
Drew1 0.0578 0.0060
Drew2 - -
Drew3 0.1890 0.0059
GBW1 0.5606 0.0046
GBW2 0.1403 0.0184
GBW3 - -
GBW4 0.5651 0.0050
PosCrk 0.4899 0.0074
Pop P-val S.E.
Meijers 0.0005 0.0003
MartinFarm 1.0000 0.0000
MVCTC 0.8764 0.0016
Drew 0.0095 0.0014
GBW 0.1497 0.0082
PosCrk 0.4804 0.0038  
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Discussion 
 
The Drew Woods and Garbrys Big Woods sites were populated by A. jeffersonianum 
complex and A. tigrinum as well as A. texanum. At the Meijer site only A. texanum with a 
single A. tigrinum were captured. Four individuals had a third allele at one locus although 
they were diploid animals. This is not unusual in amphibians (Jim Bogart, personal 
communication). The MVCTC and Possum Creek sites were all diploid A. texanum. The 
sample at Martin Farm was A. texanum and a single A. jeffersonianum (details can be 
found in Appendix A). Figure 5.6 shows the size and arrangement of the three ponds at 
Meijer. Meijer#1 is the largest pond and Meijer #2 is the smallest. Both Meijer#2 and 
Meijer#3 are down gradient from Meijer#1. Although they are in close proximity, there is 
differentiation between the three populations, particularly between Meijer#1 and 
Meijer#3 (allelic and genotypic differences significant, Fst values range from 0.033 to 
0.137). As in all ambystomatids, A. texanum have natal fidelity. On one occasion the 
small pond, Meijer#2, was dry at our June sampling visit. As this pond was very shallow 
it likely dries early frequently. Fst values indicate individuals from Meijer#2 may utilize 
the other two ponds (Fst values Meijer#2/Meijer#3 0.033 and Meijer#2/Meijer#1 0.060) 
perhaps using Meijer#3, which is closer in proximity, more often. Greatest separation 
appears to be between Meijer#1/Meijer#3 (Fst value 0.137). This is illustrated by 
population assignment graphs (Figure 4.4). The large pond appears to have the most 
genetic diversity (in HWE and a low Fis value). The two smaller ponds seem to be under 
some genetic stress (not in HWE and higher Fis values). 
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The two other sites that had multiple pools within a woodlot had smaller sample sizes and 
were populated by A. jeffersonianum complex animals as well as A. texanum. Because of 
the low numbers of individuals from some of the ponds within the woodlots, between 
pond comparisons should not be made in these other woodlots. The presence of 
kleptogenic individuals at these other sites further complicates comparison. Genetic 
exchange from the kleptogenic population back into the diploid population has not been 
shown to occur however A. texanum is a known sperm donor. It is unknown how this  
 
Table 4.9 Fst and Distance Values for Smallmouth Salamanders. Fst values for the 
woodlots with the largest sample numbers of A. texanum and distances separating the 
populations. 
Location 1 Location 2 Dist (km) Fst/(1-Fst)
Meijer GBW 35 0.067
Drew GBW 45 0.050
Meijer Drew 66 0.229  
 
may influence genetic structure in the diploid population. There appears to be some 
separation between the DW populations but not between the GBW populations as 
indicated by Fst although interpretation must be made cautiously because of the small 
sample size and presence of hybrids. When grouping the populations within a woodlot 
and comparing those populations, Fst values indicate separation of populations between  
woodlots (Fst values from 0.05 to 0.31). This is expected in species with low vagility 
although the influence of isolation by distance is unclear. Drew Woods and Garbrys Big 
Woods, separated by 45 km have an Fst of 0.050 (Table 4.9). Meijer Pond #1 and #3, 
separated by only 7 meters have an Fst of 0.137. Population assignment (Figure 4.4, 4.5) 
shows little overlap in the populations relative to the population assignments in the 
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Meijer woodlot. Population assignments appear to more accurately reflect the expected 
population separation for the three woodlots. 
Population Assignment for Meijers#1 vs. Meijers#2
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Figure 4.4 Population Assignment for Three Meijer Ponds. Population assignment 
graphs for the three Meijer ponds showing individuals from Meijers Pond #2 most likely 
to utilize other ponds. GenAlEx6. 
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Population Assignment for Meijer vs. Drew
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Figure 4.5 Population Assignment for Smallmouth Salamanders. Population assignment 
graphs for the three woodlots with the largest sample size of A. texanum. GenAlEx6. 
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Bayesian analysis of the three Meijer’s ponds shows that Pond #1 and Pond #3 cluster 
separately with Pond #2 clustering about evenly with the other two ponds (Figure 4.6). 
This makes sense if the ponds with the longer hydroperiods support their own 
populations and the pond with a short hydroperiod (Pond #2) would have breeders from 
the other two ponds using it occasionally as a breeding pond. It appears from the 
Bayesian cluster analysis results that there may be some migration of individuals from 
between ponds (e.g. individuals 88 and 90 in Pond #3 appear to cluster with Pond #1). 
Some individuals appear to be progeny of parents from both ponds (e.g. individual 81 
from Pond #3). Even so it is evident there is strong natal fidelity to either Pond #1 or #3. 
 
 
 
 
 
Figure 4.6. Bayesian Clustering of Meijer Ponds. Proportional membership of each 
salamander in the two clusters (K=2) from STRUCTURE. The top two figures are for all 
individuals in all three ponds and the bottom figure is for the individuals in Pond #2 only. 
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Chapter 5 
Ambystoma jeffersonianum Jefferson salamander  
and Jefferson complex (kleptogen) salamander 
 
Introduction 
 
The Jefferson salamander (Ambystoma jeffersonianum) occurs in the US from western 
Illinois through New England (Appendix B). The diploid species is often found with 
members of what are frequently referred to as the Jefferson’s complex salamanders and 
more recently kleptogens (Bogart et al. 2007).  These are unisexual hybrid animals with 
genomic contributions from two or more of the following four species of Ambystoma 
salamanders: A. jeffersonianum, A. laterale, A. texanum, and/or A. tigrinum. As a result 
of our work alleles of an additional species, streamside salamanders (A. barbouri) were 
found in the genome (Bogart et al. 2009). The diploid and kleptogenic animals are 
phenotypically difficult to distinguish and various genetic methods have been attempted 
to determine the genomic complement of hybrid individuals.  Recent results have been 
promising (Bi and Bogart 2006; Ramsden et al. 2006). In this study, Jefferson complex 
kleptogenic salamanders were analyzed as a group separately from A. jeffersonianum. 
Kleptogens were found at several sampling locations (Figure 5.1).
 
Figure 5.1 Sampling Locations for Jefferson Complex Salamanders. Ohio sampling sites 
with Jefferson complex salamander sites highlighted. 
 
Results A. jeffersonianum kleptogenic complex 
 
Alleles were analyzed using SPAGeDi 1.2 (Hardy and Vekemans 2002) as this program 
allows analysis of various ploidy levels concurrently. Five microsatellite loci were used 
for this analysis. The number of alleles ranged from 12 to 20 per locus and the most 
frequent allele was 41.5%.  
 
Pairwise Fst values were run for all pools (Table 5.2) and for pools in the woodlots as a 
group (Table 5.3). The numbers of individuals sampled from each pool ranged from 1 to 
155 (Table 5.4). After combining the individuals from the pools within GBW and DW, 
sample sizes were 26 and 19 respectively. Spatial distance compared to Fst is shown in 
Table 5.5. Isolation by distance was not evident. 
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Table 5.1 Jefferson Complex Allele Frequency. Table shows the number and frequency 
of alleles across all populations per locus. The lowest number of alleles at a locus was 12 
(AmaD378) and the frequency of the most frequent allele was 41.5% (Aje346). 
Locus % most frequent # of alleles 
AjeD94 33.0 20 
AjeD283 41.4 16 
AjeD346 39.9 19 
AjeD378 41.5 12 
AjeD422 28.8 19 
 
 
Table 5.2 Population Pair Fst Values for Kleptogens. Pairwise Fst values for all 
populations. 
Location GBW#1 GBW#2 GBW#3 GBW#4 DW#1 DW#2 DW#3 Butter MMOBS
GBW#1
GBW#2 0.2211
GBW#3 0.3906 0.0495
GBW#4 0.2500 -0.0351 -0.1079
DW#1 0.3467 0.1434 0.1868 0.1668
DW#2 0.4797 0.1860 0.3257 0.6098 0.1462
DW#3 0.0647 0.2368 0.3923 0.3374 0.2751 0.4026
Butter 0.4683 0.1424 0.1202 0.2391 0.1873 0.3234 0.4574
MMOBS 0.4239 0.1749 0.2162 0.2299 0.2148 0.5251 0.4072 0.2577
FtAnc 0.2500 0.0907 0.1483 0.0989 0.8478 0.3374 0.2925 0.1899  
 
 
Table 5.3 Pooled Woodlot Fst Values for Kleptogens. Pairwise Fst values with pools in 
GBW and DW grouped together. 
Population GBW DW Butter MMOBS
DW 0.1119
Butter 0.1176 0.1630
MMOBS 0.1674 0.2211 0.2577
FtAnc 0.0651 0.0759 0.2925 0.1899  
 
.
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Table 5.4 Individual Pool Sample Size for Kleptogens. Sample sizes from each of the 
pools. When grouped, the sample size for GBW was 26 and for DW 19.  
site n 
GBW#1 2 
GBW#2 20 
GBW#3 3 
GBW#4 1 
DW#1 15 
DW#2 2 
DW#3 2 
Butter 10 
MMOBS 155 
FtAnc 1 
 
Table 5.5 Fst and Distance Values by Kleptogens. Spatial distance (km) and Fst for 
population pairs. 
Location 1 Location 2 Spatial dist Fst
GBW DW 45 0.1119
GBW Butter 103 0.1176
GBW MMOBS 114 0.1674
GBW FtAnc 80 0.0651
DW Butter 105 0.1630
DW MMOBS 116 0.2211
DW FtAnc 105 0.0759
Butter MMOBS 12 0.2577
Butter FtAnc 54 0.2925
MMOBS FtAnc 59 0.1899  
 
Results diploid A. jeffersonianum 
 
Alleles were analyzed using SPAGeDi 1.2 (Hardy and Vekemans 2002) as this program 
allows analysis of various ploidy levels concurrently. I could then compare results of the 
diploid A. jeffersonianum with the kleptogens using results generated by the same 
program. Five microsatellite loci were used analysis. The number of alleles ranged from 
6 to 16 per locus and the most frequent allele was 50%, The power of discrimination 
averaged 0.842 across all loci ranging from 0.741 to 0.929 (Table 5.6). 
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Table 5.6 Jefferson Salamander Allele Frequency. Number and frequency of alleles 
across all populations per locus. The lowest number of alleles at a locus was 6 and the 
frequency of the most frequent allele was 50% (Aje346). The power of discrimination 
averaged 0.842 across all loci ranging from 0.741 to 0.929, 
Locus % most frequent # of alleles PD 
AjeD94 14.3 16 0.929 
AjeD283 27.8 6 0.840 
AjeD346 50.0 6 0.741 
AjeD378 19.2 11 0.911 
AjeD422 44.4 6 0.790 
 
 
Pairwise Fst values were run for all population pairs Table 5.7. The numbers of 
individuals sampled from each population ranged from 1 to 9 (Table 5.8). 
 
Table 5.7 Population Pair Fst Values for Jefferson Salamanders. Pairwise Fst values for 
all populations. 
POP 
Ft 
Ancient GBW DW 
GBW 0.4371     
DW 0.3115 -0.2311   
Mart 0.5401 -0.7009 0.0556 
 
 
Table 5.8 Inbreeding Coefficient (Fis) for Jefferson Salamanders. Sample sizes from each 
of the populations and Fis values for populations greater than 1. 
n POP Fis
9 Ft Ancient 0.0963
4 GBW 0.8333
1 DW
1 Mart  
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Table 5.9 Jefferson Salamander HWE and Heterozygote Deficit. Hardy-Weinberg 
probabilities (left). The null hypothesis tested is “H0: there is a random union of 
gametes”. HWE deficit P values and standard errors (right two columns). The hypothesis 
tested is H1= heterozygote deficiency. GENEPOP 4.0.7. 
n POP P HW Def P SE
9 Ft Ancient 0.0644 0.1378 0.0156
4 GBW 0.0289 0.0042 0.0008  
 
Discussion 
Kleptogenic animals were captured in numbers large enough for analysis at four 
locations, two of which contain multiple ponds. Diploid A. jeffersonianum were captured 
at four locations, only two of which were in large enough numbers for analysis. At one 
location (MMOBS) streamside salamanders, A. barbouri, were captured along with 
kleptogens. This location is not near any streams, the normal breeding environment of A. 
barboui.  
 
Generally where kleptogenic animals are found, their numbers far exceed the normal 
diploid sympatric species. For example Selander (1994) captured 2,627 kleptogens at a 
pond where only two diploid A. texanum (one each male and female), 394 male and 143 
female A. tigrinum, and 2,276 male and 585 female A. maculatum were captured. 
Although found in the nuclear genome of kleptogens at this site, A. tigrinum is not a usual 
sperm donor for the complex and A. maculatum has not been found to be a sperm donor 
for the complex. Kleptogens do not respond to courting by A. maculatum (Morris and 
Brandon 1984). Selander (1994) could not produce viable offspring with an A. 
maculatum male and kleptogens. Brandon (1977) and Nelson and Humphrey (1972) 
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could not produce viable offspring using male A. maculatum to fertilize several species of 
female Ambystoma. A. texanum has been found in the nuclear genome at the Selander 
(1994) and other sites (this is the Selma site in this study). In extensive surveys of 
northeastern North America, Bogart and Klemens (1997, 2008) found A. laterale and A. 
jeffersonianum exclusively in the genome of the kleptogens albeit if various levels of 
ploidy. In the absence of A. jeffersonianum as a potential sperm donor, kleptogens will 
use other species. A. texanum, and/or A. tigrinum and now A. barbouri alleles have all 
been found in the kleptogens, but A. maculatum alleles have not. Although gynogenesis is 
the usual means by which embryo development occurs in kleptogens, incorporation of the 
sperm donor genome is known to occur, particularly at higher temperatures (Bogart et al. 
1989). No diploid A. jeffersonianum were found at MMOBS nor any other diploid 
ambystomatid other than A. barbouri. A. barbouri is apparently utilized as the sperm 
donor for kleptogens at this site (Bogart et al. 2009) the first incidence of this reported. 
 
At DW, alleles of A. texanum were found in the kleptogens however at GBW they were 
not. Fewer diploid A. jeffersonianum were captured at DW than GBW. It is possible that 
the kleptogens are using a less desirable sperm donor (A. texanum v A. jeffersonianum) at 
DW because of the lower numbers of potential A. jeffersonianum sperm donors. It is 
interesting to note that the inbreeding coefficient for A. texanum at DW is higher than that 
at GBW. This could be a result of the negative impact the kleptogens are having on the A. 
texanum population at DW by using the A. texanum as sperm donors. 
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The success of the kleptogens remains an enigma. Embryo mortality is high in kleptogens 
(Lowcock and Murphy 1991) however where kleptogens are found they appear to be very 
successful. Translocations between chromosomes have been shown to occur in 
kleptogens including exchange between chromosomes of A. laterale and A. 
jeffersonianum (Bi and Bogart 2006; Bi et al. 2007, 2009). Diploid A. jeffersonianum 
males will preferentially mate with diploid A. jeffersonianum females over kleptogens. 
Although they experience higher embryo mortality, kleptogens appear to outnumber 
diploid animals that are sperm donors (see Selander population data above for example). 
Elevated ploidy may allow the kleptogens to be less subject to the negative genetic 
effects of low population size than the diploid sperm donors (Buza et al. 2000). Ploidy 
elevation can increase heterozygosity and allelic richness over diploid species (Brown 
and Young 2000). Genetic diversity can also be enhanced by translocations between 
chromosomes in the kleptogens. Since many of the populations of ambystomatids 
salamanders appear to be genetically isolated and in small numbers (not in HWE and 
high Fis), the cost of high embryo mortality of kleptogenesis may be offset by increased 
genetic diversity from increased ploidy and translocations. The increased genetic 
diversity of the kleptogens and “stealing” the sperm of the male diploids may contribute 
to the long term depression in population size of diploid sperm donors. 
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Chapter 6 
Ambystoma tigrinum tigrinum Eastern Tiger salamander 
 
Introduction 
 
The eastern tiger salamander (Ambystoma tigrinum tigrinum) ranges throughout the 
eastern US, east of the Dakotas and Nebraska, with the exception of the Appalachian 
mountains (Appendix B). Several sub-species have been recently split from the tiger 
salamander complex (Figure 6.1)  
 
 
 
Figure 6.1 Tiger Salamander Range. Geographic range of Eastern Tiger salamander 
showing other members of the tiger salamander complex. (USGS 2005) 
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The eastern tiger salamander is found in many counties in Ohio, particularly in western 
Ohio. These are on the eastern edge of the western range, west of the Appalachians 
(Appendix B). Several animals were sampled from Darke, Miami, and Greene Counties 
as well as some from Clark and Butler Counties. The location in Greene County, 
Centerville Road, has two pools adjacent to each other. One pool is located under a 
power line and is open with no canopy and forested only on the side bordered by the 
second pool. The second pool is forested around the entire pool (Appendix A). The 
locations in both Darke and Miami Counties are larger forested areas with multiple pools 
within the woodlot. Only one animal was obtained from the Clark County site, a single 
pool at the edge of a woodlot. The Butler County site is newly constructed wetlands and 
larvae were captured in two of the three ponds, the ponds furthest east and furthest west. 
 
Results 
 
Three microsatellite loci were used for genotyping individuals. All microsatellites were 
two repeats and the alleles were designated by two base pair differences in size. The 
number of alleles varied from four to twenty per locus with allele frequency of the most 
common allele being between 22 and 76 percent. The power of discrimination (PD) 
averaged 0.718 across all loci ranging from 0.0.946 to 0.307 (Table 6.1). 
 
Allelic and genotypic differentiation analyses were performed on each of the individual 
populations from each of the pools and with grouping the pools within a single woodlot. 
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Table 6.1 Tiger Salamander Allele Frequency. Number and frequency of alleles per 
locus. The lowest number of alleles was 4 (ATS14-3) and the highest frequency of the 
most common allele was 75.9% (ATS14-3). The power of discrimination averaged 0.718 
across all loci with a range from 0.946 to 0.307.  
Locus % most frequent # of alleles PD 
ATS4-20 22.0 20 0.902 
ATS5-7 25.0 18 0.946 
ATS14-3 75.9 4 0.307 
 
Allelic and genotypic differentiation for population pairs was determined using 
GENEPOP 4.0.7 and is shown in Table 6.2 for all population pairs (within and between 
woodlots) and Table 6.3 for population pairs between woodlots. Several population pairs 
were significantly different (P<0.05).  
 
Table 6.2 Allelic and Genotypic Differences for Tiger Salamanders. Allelic (above the 
diagonal) and genotypic (below the diagonal) differentiation showing P value for all loci 
using GENEPOP 4.0.7. The null hypothesis tested is “H0: the allelic/genotypic 
distribution is identical across populations”.   
* Significant at P<0.05 indicated in bold. H sig means highly significant. 
POP GBW2 GBW3 CP CW DW1 DW3 Selma F 
GBW2   0.997791 H sig 0.000124 0.000001 0.000374 0.4004 H sig 
GBW3 1   0.24118 0.022617 0.093936 0.672985 0.33601 0.002046
CP 0.002904 0.843497   0.093829 0.000018 0.001464 0.314868 H sig 
CW 0.001933 0.28647 0.618631   0.000008 0.000091 0.112315 H sig 
DW1 0.000705 0.353354 0.036459 0.003211   0.072246 0.581644 H sig 
DW3 0.032451 1 0.467259 0.031511 0.671192   0.364399 0 
Selma 0.539874 - 0.913574 0.71576 0.927081 1   0.00216 
Fern 0 0.14125 0.000071 0.000069 0.006213 0.002587 0.141276   
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Table 6.3 Pooled Woodlot Allelic and Genotypic Differences for Tiger Salamanders. 
Allelic (above the diagonal) and genotypic (below the diagonal) differentiation showing 
P value for all loci using GENEPOP 4.0.7. The null hypothesis tested is “H0: the 
allelic/genotypic distribution is identical across populations”.  Populations within a 
woodlot are combined. 
* Significant at P<0.05 indicated in bold. H sig means highly significant. 
POP GBW Cent DW Selma F 
GBW   H sig H sig 0.292228 H sig 
Cent H sig   H sig 0.116127 H sig 
DW 0.000096 0.000005   0.377448 H sig 
Selma 0.474714 0.611697 0.728753   0.002362
Fern H sig 0 0.000391 0.139411   
 
Inbreeding coefficients for all populations and populations within a woodlot were 
determined using GENEPOP 4.0.7 (Table 6.4). 
 
Table 6.4 Inbreeding Coefficients (Fis) for Tiger Salamanders. Fis values for all 
populations and populations grouped in a woodlot. The number of adults individuals 
sampled is indicated in the far left column (n). GENEPOP 4.0.7 
n Location Fis n Location Fis 
20 GBW2 0.2437 21 GBW 0.2207 
1 GBW3 - 13 Cent 0.525 
7 CP 0.6591 12 DW 0.6187 
6 CW 0.2308 1 Selma  
5 DW3 0.7012 4 Fern 0
7 DW1 0.5694 
1 Selma - 
4 Fern 0 
 
 
Fst values were determined for all populations pairs (Table 6.5) and populations within a 
woodlot (Table 6.6) using GENEPOP 4.0.7.  
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Table 6.5 Population Pair Fst Values for Tiger Salamanders. Fst values for all population 
pairs GENEPOP 4.0.7. 
pop GBW2 GBW3 CP CW DW3 DW1 Selma 
GBW3 -0.1835             
CP 0.0998 -0.0837           
CW 0.1518 0.2283 0.0820         
DW3 0.0430 -0.2778 0.0517 0.1944       
DW1 0.0718 -0.1030 0.1174 0.2166 -0.0218     
Selma 0.0198 0.6250 -0.0605 0.0578 -0.1200 -0.1760   
Fern 0.5524 0.8447 0.6433 0.7722 0.5110 0.4460 0.8874 
 
Table 6.6 Pooled Woodlot Fst Values for Tiger Salamanders. Fst values for all population 
pairs, within woodlot pools combined GENEPOP 4.0.7. 
pop GBW Cent DW Selma 
Cent 0.1127       
DW 0.0549 0.1398     
Selma 0.0374 -0.0765 -0.1440   
Fern 0.5531 0.6300 0.4127 0.8874
 
Table 6.7 Tiger Salamander HWE. Hardy-Weinberg probabilities for all populations 
(left) and populations in a woodlot grouped (right). The null hypothesis tested is “H0: 
there is a random union of gametes” GENEPOP 4.0.7. 
Pop Prob Pop Prob 
GBW2 High sign GBW High sign 
GBW3 - Cent 0.0110 
CP 0.1623 DW High sign 
CW 0.8624 Selma - 
DW3 0.0133 Fern - 
DW1 0.0007   
Selma -   
Fern -   
 
Hardy-Weinberg exact tests were run on all populations as well as populations grouped in 
a woodlot (Table 6.7). The alternative hypothesis (H1= heterozygote deficiency) was 
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tested using a more powerful test than the probability-test, the score test (U test) (Rousset 
and Raymond 1995) in GENEPOP 4.0.7. Results are shown in Table 6.8. These results 
indicate that deficiency of heterozygotes are contributing to deviations from HWE in 
those populations that are not in HWE. 
 
Table 6.8 Heterozygote Deficits for Tiger Salamanders. HWE deficit P values for all 
populations (left) and populations in a woodlot grouped (right). The hypothesis tested is 
H1= heterozygote deficiency GENEPOP 4.0.7. 
Pop Prob S.E. Pop Prob S.E. 
GBW2 0.0000 0.0000 GBW 0.0000 0.0000 
GBW3 - - Cent 0.0002 0.0001 
CP 0.0025 0.0002 DW 0.0000 0.0000 
CW 0.4185 0.0043 Selma - - 
DW3 0.0000 0.0000 Fern - - 
DW1 0.0024 0.0004    
Selma - -    
Fern - -    
 
 
 
 
Discussion 
 
A large scale study of A. t. tigrinum (Church et al. 2003) looked at post glacial expansion 
and, as with A. maculatum and A. talpoideum, the authors found an eastern and western 
clade . They also presented a more detailed range map of the eastern tiger salamander 
(Figure 6.2).  
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Figure 6.2 Eastern Tiger Salamander Range. Range map of the eastern tiger salamander, 
Ambystoma tigrinum tigrinum, based on county locality records as presented by Church 
et al. (2003). Extant populations are highlighted in light gray, and populations known to 
be extinct are highlighted in dark gray. Populations sampled for the Church et al. (2003) 
study are designated by a solid circle and numbered. Sequence data that was obtained 
from Genbank are denoted by asterisks. The dotted line represents the approximate 
southern limit of glacial ice during the Pleistocene. Adapted from Church et al. (2003). 
 
Unlike spotted salamanders, whose eastern/western clade division may be located in 
Ohio, eastern tiger salamanders in Ohio more likely all belong to the western clade, albeit 
the eastern edge of the range of this clade. I would not expect to see any influence from 
the east/west clade division in results from southwestern Ohio. Although animals at the 
edge of their range may differ in genetic diversity from animals centrally located within a 
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range, that also should not influence these results since all of the animals are from the 
same relative location of their range. 
 
The results suggest that tiger salamanders share pools within a woodlot. In the three 
locations where they were found in more than one pool within a woodlot there are no 
significant differences in either alleles or genotypes (Tables 6.2). This is supported by the 
low Fst values between pools within a woodlot (Table 6.5). The animals within a woodlot 
could be treated as a population, unlike the smallmouth salamanders for example, which 
show structure within a woodlot. Purrenhage et al. (2009) and Zamudio and Wieczorek 
(2007) suggest that spotted salamanders do not have genetic structure between proximate 
ponds. In this regard the tiger salamander appear to behave in a manner similar to the 
spotted salamanders. There are, however, significant differences between woodlots. This 
is suggested by the significant differences between both alleles and genotypes between 
woodlots. Although the tiger salamanders seem less discriminatory about which ponds 
they use within a woodlot as evidenced by the lack of genetic structure within a woodlot, 
travel between woodlots seems restricted. Porej (2004) found that, although presence of 
tiger salamanders was not positively correlated with amount of forest, presence was 
negatively correlated with presence of roads. The high level of development of southwest 
Ohio and associated road network may contribute to the lack of gene flow between 
woodlots. The isolation of the woodlots appears to have a negative effect on the genetic 
diversity within the woodlots. The Garbrys Big Woods (GW), Centerville Road (Cent), 
and Drew Woods (DW) populations all have a deficit of heterozygotes. These three 
locations have more than one pool in which tiger salamanders were breeding. The use of 
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multiple pools effectively increases the breeding area available. Rather than individuals 
using a single pool within a woodlot, that individual will use any of multiple pools within 
a woodlot. When all the pools within the woodlot are available a much larger area 
becomes available to a breeding individual. As seen in the smallmouth salamanders 
(Chapter 4) the larger ponds (pond #1 vs pond #3) appear to support a larger population 
as evidenced by lower Fis values and being in Hardy-Weinberg Equilibrium (HWE). The 
tiger salamanders however still have high Fis values and are not in HWE.  This is 
consistent with most of the populations of ambystomatids for this study where the 
populations show a heterozygote deficit and high inbreeding coefficients.  
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Chapter 7 
Conclusion 
 
I analyzed microsatellite data from 497salamanders from 21 ponds in eight counties 
across southwest Ohio. Twenty eight polymorphic loci were genotyped using a small 
tissue sample collected from the tail of these individuals. Six diploid species of 
Ambystoma and one kleptogenic group of Ambystoma were represented. Not all species 
were found at all locations and several locations supported only one species of 
Ambystoma (Appendix A). Since different species have different habitat requirements, 
this was expected to occur. Hypotheses, specific aims, and the data addressing them 
follow. 
 
1. Different species of ambystomatid salamander have different genetic diversities 
across a fragmented landscape 
1.1 Different species of ambystoma using the same breeding pond have different 
genetic diversities 
1.2 Species of ambystoma with a higher coefficient of conservatism have lower 
genetic diversity than species of ambystoma with a lower coefficient of 
conservatism using the same breeding pond 
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I found that different species had different genetic diversities (Table 7.1). At the 
Butterfield site the inbreeding coefficients (Fis) for A. opacum (CoC 9) and A. maculatum 
(CoC 8) were 0.2375 and 0.1932 respectively. A. opacum was not in Hardy-Weinberg 
Equilibrium (HWE) whereas A. maculatum was. Even though both species appear to be 
at genetic risk at this site (high inbreeding coefficients, deficit of heterozygotes), the A. 
maculatum population appears to be doing marginally better. Coefficients of 
Conservatism (CoCs) (Micacchion 2002) for A. opacum and A. maculatum are 9 and 8 
respectively. The higher Fis and being in HWE correlates with the slightly lower CoC for 
A. maculatum compared to A. opacum. The CoC for A. jeffersonianum is not separated 
from the complex (Micacchion 2002). This is understandable considering it is difficult, if 
not impossible, to make this distinction without genetic analysis and the CoCs were 
developed based on field observation. There is not enough data to support a meaningful 
statistical analysis of the correlation between genetic diversity and CoC. A much larger 
data set (e.g. >40 data points) would be needed, however field conditions did not support 
collection of this amount of data. With a limited number of populations of ambystomatids 
extant n southwest Ohio, the influence of habitat quality and presence of kleptogens 
makes collection of a large set of comparable data very difficult if not impossible. With 
the data obtained, however, the hypothesis relating CoC and genetic diversity is 
supported. 
 
At Garbrys Big Woods A. tigrinum (CoC 6) had a much higher Fis and was not in HWE 
whereas A. texanum (CoC 4) was in HWE and had a lower Fis (0.2207 and 0.0455 
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respectively). The decreased genetic diversity in the A. tigrinum relative to A. texanum at 
this site is expected based on the higher CoC of A. tigrinum. A. jeffersonianum had a 
much higher Fis than the A. texanum found at that location (0.7143 and 0.0455 
respectively). There was a kleptogenic population also at this site (Fis -0.1034) which 
may have a greater negative impact on the A. jeffersonianum population, A. 
jeffersonianum being a preferred sperm donor over A. texanum. Where kleptogens are 
found, the population size of diploid sperm donors appears to diminish over time. The A. 
jeffersonianum was not in HWE whereas the A. texanum population was. CoCs 
(Micacchion 2002) for A. jeffersonianum and A. texanum are 5 and 4 respectively 
although Micacchion (2002) does not separate the kleptogens from A. jeffersonianum. No 
alleles diagnostic of A. texanum (Atex74) were found in the kleptogens at this site. This 
may indicate that the population of diploid A. jeffersonianum at this site supplies enough 
of the preferred sperm donor for the kleptogens so that alternative sperm donors are not 
yet utilized. Since kleptogens do not reproduce sexually and are generally polyploidy, 
two of the assumptions of HWE are violated and HWE was not assessed (N/A) in Table 
7.1. The elevated ploidy increases the number of alleles in each individual. The increased 
number of alleles in the kleptogenic individuals confounds any comparison of genetic 
diversity with diploid individuals. The kleptogens are included in Table 7.1 to indicate at 
which sites they were found with the diploid sperm donors and illustrate their negative 
impact in genetic diversity in the diploid donor species. 
 
Although both A. jeffersonianum and A. texanum were found at the Drew Woods site, 
along with kleptogens, only a single A. jeffersonianum was captured and 11 A. texanum 
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and 19 kleptogens were captured. At this site alleles were found at microsatellite locus 
Atex74, however no alleles were found at this locus in the Garbrys Big Woods 
kleptogens. At Drew Woods, since there are not many diploid A. jeffersonianum the 
kleptogens may be relying more on A. texanum as sperm donors. The Fis for the A. 
texanum at this site was 0.2687 and were not in HWE with an excess of homozygotes. At 
this location, the presence of kleptogens and lack of diploid A. jeffersonianum may be 
negatively impacting the A. texanum population. Fis values for A. tigrinum at both Drew 
Woods were higher than those for A. texanum (0.6187 and 0.2687 respectively) similar to 
the relationship found at Garbrys Big Woods and as expected based on the CoCs. 
However at this site the A. texanum were not in HWE, perhaps because of a negative 
impact of presence of kleptogens using the A texanum as sperm donors. 
 
Table 7.1 Inbreeding Coefficients (Fis), HWE, and Heterozygote Deficits for Three Sites. 
Comparing Fis and HWE P and deficit values of three Ambystoma species at different 
locations in southwest Ohio. 
CoC Species Location Fis HWE-P P<0.05 H def P H def SE
5 A. jeffersonianum complex Butterfield -0.4542 N/A N/A N/A N/A
8 A. maculatum Butterfield 0.1932 0.1701 N 0.0000 0.0000
9 A. opacum Butterfield 0.2375 H sig Y 0.0000 0.0000
5 A. jeffersonianum complex Drew -0.1562 N/A N/A N/A N/A
4 A. texanum Drew 0.2687 0.0029 Y 0.0095 0.0014
6 A. tigrinum Drew 0.6187 H sig Y 0.0000 0.0000
5 A. jeffersonianum GBW 0.7143 0.0180 Y 0.0028 0.0007
5 A. jeffersonianum complex GBW -0.1034 N/A N/A N/A N/A
4 A. texanum GBW 0.0455 0.1322 N 0.1497 0.0082
6 A. tigrinum GBW 0.2207 H sig Y 0.0000 0.0000
 
 
The greatest influence on genetic diversity appears to be habitat quality. At the 
Butterfield site, the inbreeding coefficient (Fis) for Ambystoma maculatum was the 
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highest of the sites at which this species occurred. Likewise, the A. opacum at this site 
had a high Fis, higher than populations from southeast Ohio. 
 
2. Within a single forested area, different breeding ponds will have distinct 
subpopulations of the same species of salamander 
2.1. Salamanders of the same species within a forested area using different     
breeding ponds are genetically distinct 
 
I also found that, within a single forested area, different breeding ponds had distinct 
subpopulations of the same species of salamander although there were species specific 
differences. At the Meijers site, two of the three ponds (Pond #1 and Pond #3) supported 
genetically distinct populations of smallmouth salamanders (A. texanum). These two 
ponds were significantly different allelicly and genotypically. They also had an Fst of 
0.137 indicating genetic differences between the two populations. Population assignment 
as well as Bayesian cluster analysis further supported two genetically distinct populations 
occur in these two ponds. The third pond (Pond #2) was situated between these two larger 
ponds. This pond was characterized by  a shorter hydroperiod. During of the sampling 
years, this smaller pond had dried completely by the June sampling event. The other two 
ponds still had salamander larvae indicating the smaller pond may have dried before the 
salamander larvae had time to complete their aquatic life history stage. Genetic analysis 
of smallmouth salamanders from this smaller pond indicated that approximately half of 
the animals captured were most similar to the salamanders from one of the two larger 
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ponds and the other half of the animals were most similar to the other larger pond (Figure 
7.1).  
 
At the Butterfield site, breeding populations of marbled salamanders on either side of a 
railroad track were genetically distinct, whereas the breeding population on one side of 
the railroad track was genetically the same over two years. The allelic differentiation  
 
 
Figure 7.1 Bayesian Clustering of Smallmouth Salamanders from Three Ponds Within a 
Woodlot. Proportional membership of each salamander in the two clusters (K=2) from 
STRUCTURE. The top two figures are for all individuals in all three ponds. The number 
of the specific individual is show with the pond it came from in parenthesis). The bottom 
figure is for the individuals in Pond #2 only. 
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between the populations on either side of the railroad track was significantly different 
(P<0.05) The allelic differentiation between years in the population sampled from one 
side of the railroad track was not significantly different (Figure 7.2) Genetic structure in 
marbled salamanders does not appear to occur in adjacent pools within a woodlot if no 
anthropogenic barrier is present (Bartoszek and Greenwald 2009). 
Tiger salamanders appear to behave differently in that populations from different ponds 
within a woodlot are not significantly different allelically or genotypically. Spear (2005) 
likewise found a lack of genetic structure in populations of tiger salamanders in 
Yellowstone Park separated by distances under one kilometer. At greater distances, 
genetic structure in the tiger salamanders was evident. Spotted salamanders are also less 
likely to exhibit genetic structure between adjacent ponds (Purrenhage et al. 2009; 
Zamudio and Wieczorek 2007). 
 
It appears as though distinct genetic populations of ambystomatid salamanders within a 
woodlot can and do occur. However this does not appear to be true for all species. This 
supports collecting species specific information for amphibians as even closely related 
species with similar life histories may behave differently. 
 
3. The construction of a railroad track acts as a barrier to populations of salamanders 
on either side of the railroad track 
3.1 Determine the genetic diversity between two populations of Ambystoma 
opacum within a woodlot on either side of a railroad track. 
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3.2 Determine the genetic diversity between two populations of Ambystoma 
opacum within a woodlot without anthropogenic barriers. 
3.3 Demonstrate that the genetic differentiations between two populations of 
Ambystoma opacum within a woodlot on either side of a railroad track are greater 
than genetic differentiation between two populations of Ambystoma opacum 
within a woodlot without anthropogenic barriers. 
 
I found that a railroad track acts as a barrier to populations of A. opacum (Bartoszek and 
Greenwald 2009). Sampling breeding ponds on each side of the railroad tracks and two 
consecutive years on one side showed that the animals using one side of the railroad 
tracks were genetically similar, but there were significant differences in alleles between 
the animals using one side from those using the other side (Figure 7.2).  
 
Comparison of Fst values between years in the West and between the West and East 
populations demonstrate a greater difference between the populations on either side of the 
RR tracks than found between years on one side of the tracks (West vs. East: Fst = 0.02; 
West 2005 vs. West 2006: Fst = -0.04, equivalent to zero). Similarly, there is no 
molecular variance between the West 2005/2006 populations but a 3% molecular 
variance between the West and East populations. The moderate Fst value between East 
and West ponds indicates some gene flow across the tracks or may be a result of the 
recent division of a single population into two. This value is comparable to that seen in 
other studies of ambystomatids living in moderately fragmented habitats. In another study 
of marbled salamanders in southeast Ohio, pairwise Fst values ranged from 0.002, where 
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there was contiguous forest between sites, to as high as 0.217 when there were significant 
barriers to dispersion (Greenwald et al. 2009). Reduced gene flow between these  
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Figure 7.2 Allelic Differentiations for Population Pairs of Marbled Salamanders on 
Either Side of a Railroad Track. Genic (allelic) differentiation for population pairs.  West 
and East (gray bar), West 2005 and West 2006 (white bar), showing the P value and 
standard error for each locus and for all loci using GENEPOP 3.4.  The null hypothesis 
tested is “H0: the allelic distribution is identical across populations”.  The difference 
between the West and East populations is significant (P<0.05) but not between the two 
years on the West side (P=0.85). * Significant at P<0.05. 
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populations exacerbates the issues this population already faces due to its isolation. The 
salamanders in this woodlot have a high inbreeding coefficient. Further fragmentation of 
the population (by the railroad track) likely will increase the potential for inbreeding. 
 
This can lead to conditions as depicted in the extinction vortex (Figure 1.4). An increase 
in the inbreeding coefficient reflects reduced genetic variation. Alleles are lost through 
genetic drift, heterozygosity decreases. This can lead to inbreeding depression and further 
reduction of population size due to reduced fitness until the population as a whole can no 
longer survive. 
 
The process for developing Coefficients of Conservatism is one of application of field 
knowledge of an organism, comparing its requirements to other similar organisms, and 
placing that organism on a scale of one to ten. The primary evaluation criteria are the 
fidelity of that organism to a specific habitat and the quality of that habitat, and the 
tolerance of that organism to disturbance of its habitat. The placement of that organism 
on the scale is based on the knowledge the evaluator has of that organism and similar 
organisms. An outcome of this study is the relative genetic diversities of different species 
in the same habitat. These data are valuable in evaluating a particular species compared 
to another species in the same habitat. Since the habitat in which the species are found is 
the same, differences in genetic diversity reflect different responses in each species to the 
same conditions. Since this study began, Micacchion (2002, 2004) has revisited his 
amphibian coefficients of conservatism in consult with other herpetologists familiar with 
the fauna of Ohio (Micacchion et al. in prep). They have changed two of the original 
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coefficients relative to ambystomatids and added a CoC for A. jeffersonianum (Table 
7.2). These new CoCs are scheduled to be posted on the Ohio Environmental Protection 
Agency website in December, 2009 
(http://www.epa.state.oh.us/dsw/wetlands/WetlandEcologySection_reports.aspx) and will 
be submitted to a peer reviewed journal. I have proposed changes to two of the previous 
coefficients of conservatism as well as support for prior CoCs that are proposed to be 
changed.  
 
Micacchion (2002; Micacchion et al. in prep) continues to score the kleptogens 5. I 
propose lowering the score to 4. This complex is found in many locations that other 
ambystomatid salamanders are found, including A. texanum which Micacchion (2002; 
Micacchion et al. in prep) has scored at 4. They utilize several species as sperm donors 
and negatively impact the diploid populations of species from which they steal sperm. 
There is evidence from this study that kleptogens can cause an increase in the inbreeding 
coefficient of the preferred sperm donor, A. jeffersonianum and, if A. jeffersonianum are 
not present or present in low numbers, the kleptogens appear to increase the breeding 
coefficient of the next most suitable sperm donor. Locations that had kleptogens often 
had low numbers of A. jeffersonianum or they were completely absent. The Ft Ancient 
site, at which it kleptogens have apparently just begun to colonize (only one kleptogenic 
individual was captured) has a population of A. jeffersonianum with an Fis of 0.0963. The 
only other site where more than one individual was captured, Garbrys Big Woods, A. 
jeffersonianum has an Fis of 0.8333. The Fis is calculated from the four A. jeffersonianum 
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captured at this site. Twenty six kleptogens were captured at Garbrys Big Woods. It is 
apparent the kleptogens have successfully colonized Garbrys Big Woods.  
 
 At Drew Woods, where no A. jeffersonianum were captured, it appears as though A. 
texanum is the sperm donor for the kleptogens found there. At the large pond at the 
Meijer site where no kleptogens are found, A. texanum had an Fis equivalent to zero. At 
the small pond at this location the Fis was 0.1437. At the Garbrys Big Woods site, where 
A. jeffersonianum are still present and the kleptogens are likely using them as sperm 
donors and not the A. texanum present, A. texanum have an Fis of 0.1322. At the Drew 
Woods site A. texanum Fis is 0.2687 and inbreeding appears to be higher because of the 
influence of the kleptogens at this site. The woodlot is relatively large and undisturbed. 
Habitat quality would not appear to be an issue at this site.The kleptogens readily 
colonize new areas and appear to be just moving into the Ft Ancient site where they will 
probably have a negative impact on the existing population of A. jeffersonianum.  
 
The continued success of the kleptogens is an enigma. Although generally hybrid 
populations are characterized as evolutionary dead ends (e.g. Mayr 1942), the 
ambystomatid kleptogens have apparently existed for about 4 million years (Hedges et al. 
1992) although estimates include possible origins as recent as 10,000 years ago (Uzell 
1964). Their success is evident by their prevalence (Bogart and Klemens 1997, 2008) and 
their abundance (Selander 1994). Embryo mortality is high in kleptogens (Lowcock and 
Murphy 1991) however where kleptogens are found they appear to be very successful. At 
Selma Pond in Clark County, a site from which A. maculatum individual were analyzed 
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for this study, Selander (1994) found 2,627 kleptogens and only two diploid A. texanum 
(one each male and female), 394 male and 143 female A. tigrinum, and 2,276 male and 
585 female A. maculatum were captured. Clearly the kleptogens are successful colonizers 
of this location.  
 
Although the all female kleptogens reproduce gynogenetically, mechanisms to increase 
genetic diversity have been found. Translocations between chromosomes have been 
shown to occur in kleptogens including exchange between chromosomes of A. laterale 
and A. jeffersonianum (Bi and Bogart 2006; Bi et al. 2007, 2009). Both reduction in the 
egg (Bogart et al. 2009) and elevated ploidy be occasional incorporation of the sperm are 
known to occur (Bogart et al. 1989). Although they experience higher embryo mortality, 
kleptogens appear to outnumber diploid animals that are sperm donors. Elevated ploidy 
may allow the kleptogens to be less subject to the negative genetic effects of low 
population size than the diploid sperm donors (Buza et al. 2000). Ploidy elevation can 
increase heterozygosity and allelic richness over diploid species (Brown and Young 
2000). Since many of the populations of ambystomatids salamanders appear to be 
genetically isolated and in small numbers (not in HWE and high Fis), the cost of high 
embryo mortality of kleptogenesis may be offset by increased genetic diversity from 
increased ploidy and translocations. The increased genetic diversity of the kleptogens and 
“stealing” the sperm of the male diploids may contribute to the long term depression in 
population size of diploid sperm donors and continued viability of kleptogenic 
populations. 
 
 101
Micacchion (2002) did not score the A. jeffersonianum diploid population separately from 
the kleptogens, but is proposing to score these 6 (Micacchion et al. in prep). I concur with 
the newly proposed score of 6. This places the species in the “sensitive” category, i.e. 
CoC 6-10 (Micacchion 2002), which is appropriate since these animals are found in 
relatively intact wooded habitat and are heavily impacted by kleptogens.  
 
Micacchion (2002) scored A. opacum a CoC of 9 and is proposing to lower the score to 8 
while maintaining A. maculatum at 8. Based on my results, I concur with the Micacchion 
2002 scoring and would keep A. opacum and A. maculatum and 9 and 8 respectively. 
They require intact undisturbed forest and appear to undergo negative genetic impacts 
with habitat disturbance. In the same woodlot, A. opacum appears to be more sensitive 
than A. maculatum to disturbance. Their Fis values more accurately reflect the difference 
in CoC scores. Where they were collocated (Butter), the Fis score for A. opacum of 0.237 
was higher than that of A. maculatum (0.1932). Although both had a deficit of 
heterozygotes, only A. opacum had a significant departure from HWE using the exact 
test. Maintaining a slightly higher CoC for A. opacum is recommended. 
 
Micacchion (2002: Micacchion et al. in prep) scores A. texanum 4 as they are the most 
ubiquitous of the ambystomatid salamanders. I propose elevating their score to 5 which 
keeps them below the “sensitive” range, but places them higher than kleptogens and tiger 
salamanders. Since they exhibit genetic structure within a woodlot, loss of a wooded area 
populated by this species may not mean loss of one population but several distinct 
populations. Unlike the spotted and tiger salamanders where loss of a population within a 
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woodlot may not mean loss of additional alleles since other populations may have those 
alleles, loss of a population of smallmouth salamanders may be more likely to cause loss 
of alleles from the species. Since they appear to be the next species chosen by kleptogens 
in absence of A. jeffersonianum as sperm donors, they too can be negatively impacted by 
the presence of kleptogens. 
 
 Micacchion (2002; Micacchion et al. in prep) propose raising the score of A. tigrinum 
from 6 to 9. The reasons for this change are not clear but appear to be related to the long 
hydroperiods and restricted range. I propose maintaining the original score of 6. This 
species will colonize wetlands that other species avoid including those wetlands with 
little associated forest cover. I have seen this species breeding in a newly constructed 
wetland as the bulldozers were still working in the ponds. They will utilize several ponds 
within a woodlot and seem the most tolerant to disturbance. They do not appear to require 
the same level of detrital cover in a pond other species. In the west they are found 
breeding in cattle tanks. Tiger salamanders will do not discriminate between ponds within 
a woodlot and appear to use any that are available. They do, however, have genetic 
structure between woodlots and have relatively high inbreeding coefficients, ranging 
from 0.2207 to 0.6187 in this study. Since these inbreeding coefficients are high, the 
populations may be under genetic stress. Though their habitat requirements appear to be 
less than that of other ambystomatids, the high Fis and genetic structure between 
woodlots supports maintaining a CoC of 6, but not a higher score. 
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As Cushman (2006) stated species specific information on amphibians and their 
interactions with their fragmented environment is lacking. The lack of information makes 
successful conservation strategies difficult if not impossible to develop. This study 
illustrates the importance of species specific studies as demonstrated by the differences 
found between species. Community and habitat information is also important for 
interpreting the species specific data. This information contributes to the body of 
knowledge that will lead to successful conservation strategies.
Table 7.2 Coefficients of Conservatism. Previous and proposed coefficients of conservatism (after Micacchion) and proposed CoCs  
based on this study (JB). 
Species CoC Rationale New 
CoC 
Ecology Notes JB 
CoC 
Rationale 
Ambystoma 
jeffersonianum  
complex 
5 Jefferson 
salamanders and 
associated hybrids 
require relatively 
intact wooded 
habitat adjacent to 
breeding pools with 
low to moderate 
levels of disturbance
5 These all female populations can 
exist in landscapes that have 
experienced a moderate amount of 
human disturbance and contain low 
percentages of forest cover.  While 
some debate exists it appears these 
hybrids are dependent on males 
from pure breed strains of the 
genus being present at breeding 
pools to initiate reproduction. 
4 As polyploids, these all female 
kleptogens have high genetic diversity. 
They can have a negative impact on 
sympatric diploid species by stealing the 
sperm of the males and reducing the 
viable diploid breeding population. At 
least five different species are known 
from which they can steal sperm 
allowing them a wide range of 
opportunity to colonize new areas. 
Ambystoma 
jeffersonianum  
 
N/A N/A 6 Jefferson salamanders require 
relatively intact wooded habitat 
adjacent to breeding pools with 
low to moderate levels of 
disturbance in the surrounding 
landscapes. 
6 Jefferson salamanders require relatively 
intact wooded habitat adjacent to 
breeding pools with low to moderate 
levels of disturbance in the surrounding 
landscapes. Populations are heavily 
impacted by the presence of kleptogens. 
Ambystoma 
opacum 
9 Marbled 
salamanders require 
intact mature woods 
and vernal pools 
that fill in the late 
fall/early winter 
8 Marbled salamanders require large 
tracts of mature woods and 
breeding pools that fill in the late 
fall to early winter.  Because it 
breeds in the fall and eggs begin to 
develop in late fall or early winter 
the larvae become the top predators 
in their ephemeral breeding pools.  
This species’ range is comprised of 
isolated populations in all but the 
southeastern portion of Ohio. 
9 Marbled salamanders require large tracts 
of mature woods and breeding pools that 
fill in the late fall to early winter making 
them susceptible to catastrophic loss of 
larval populations, perhaps more so than 
other species of Ambystoma. 
Populations are sensitive to barriers to 
migration and exhibit strong philopatry 
increasing potential inbreeding risk. 
Catastrophic population loss is more 
frequent due to the early breeding of this 
species. 
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Species CoC Rationale New 
CoC 
Ecology Notes JB 
CoC 
Rationale 
Ambystoma 
maculatum 
8 Spotted salamanders 
have only been collected 
in least disturbed 
wetlands or moderately 
disturbed wetlands 
where the disturbance 
has been recent 
8 The vernal pools where this 
species breeds need to be in or in 
close proximity to forested 
habitat.  This is a sensitive 
species and only occurs where 
few disturbances to the pools and 
surrounding landscapes have 
occurred. 
8 The vernal pools where this species 
breeds need to be in or in close 
proximity to forested habitat.  This is a 
sensitive species and only occurs where 
few disturbances to the pools and 
surrounding landscapes have occurred. 
This species appears to exhibit less 
philopatry than either smallmouth or 
marbled salamanders. 
Ambystoma 
texanum 
4 Smallmouth 
salamanders are the 
most ubiquitous of the 
ambytomatid 
salamanders and tolerate 
wetlands with relatively 
short hydro-periods 
4 Smallmouth salamanders are the 
most ubiquitous of the 
ambystomatid salamanders.  
Smallmouths have a tolerance to 
many landscape disturbances and 
the ability to breed successfully in 
wetlands with shorter hydro-
periods than other species in this 
family. 
5 Smallmouth salamanders are the most 
ubiquitous of the ambytomatid 
salamanders and tolerate wetlands with 
relatively short hydro-periods. They 
exhibit some of the strongest philopatry 
of the ambystomatids so that ponds 
within a few meters of each other 
support genetically distinct populations. 
Ambystoma 
tigrinum 
6 Tiger salamanders have 
been found in a range of 
wetlands with pools that 
have deep, long lasting 
hydrology and nearby 
uplands that are 
reasonably intact 
9 The largest of Ohio’s land-
dwelling salamanders requires 
seasonal to semi-permanent pools 
that are free of predacious fish.  
The long hydroperiods associated 
with the deeper breeding pools 
selected by this species are 
required to provide the relatively 
large larvae time to 
metamorphose.  The tiger 
salamander’s range is restricted to 
north central and western Ohio. 
6 Tiger salamanders have been found in a 
range of wetlands with pools that have 
deep, long lasting hydrology. They 
exhibit the high tolerance for 
disturbance and can be found in 
wetlands with little adjacent forest or 
detrital cover. They move into newly 
constructed wetlands. They do not 
exhibit the same level of philopatry as 
some other species. Genetic diversity is 
generally lower than smallmouth 
salamanders from the same sites. 
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Appendix A 
 
Aerial and land use views of the sampling locations with number of samples analyzed for 
each species at that location. 
 
 
Land Use Key 
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Butterfield location West (Butter, But, REF1, REF1W) (17 A. opacum, 7 A. maculatum, 1 
A. texanum, 10 A. jeffersonianum complex), and (REF1E) East (20 A. opacum) 
 
    
Centerville Road (Cent) Powerline (CP) (7 A. tigrinum) and Woods (CW) (6 A. tigrinum) 
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Drew Woods  (DW, Drew) #1 (7 A. tigrinum, 7 A. texanum, 15 A. jeffersonianum 
complex, 1 A. jeffersonianum), #2 (1 A. texanum, 2 A. jeffersonianum complex), and #3 
(5 A. tigrinum, 3 A. texanum, 2 A. jeffersonianum complex) 
 
    
Ft Ancient (FtAnc) nine pools (9 A. jeffersonianum, and 1 A. jeffersonianum complex 
LJJ) 
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Garbys Big Woods (GBW, BGW) #1 (20 A. tigrinum, 2 A. texanum, 2 A. jeffersonianum 
complex), #2, (13 A. texanum, 20 A. jeffersonianum complex, 3 A. jeffersonianum), #3 (1 
A. tigrinum, 1 A. texanum, 3 A. jeffersonianum complex), and #4 (2 A. texanum, 1 A. 
jeffersonianum complex) 
 
    
Martin Farm (Mart) (3 A. texanum, 1 A. jeffersonianum) 
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Meijer (Meij) #1 (16 A. texanum), #2 (46 A. texanum), and #3 (32 A. texanum) 
 
    
MMOBS (5 A. barbouri, 155 A. jeffersonianum complex) 
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MVCTC (MVC) (5 A. texanum) 
 
    
Possum Creek (PosCrk, PosCk) (4 A. texanum) 
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Selma (1 A. tigrinum, 20 A. maculatum) 
 
    
Sugar (20 A. maculatum) 
 
 
 132
 
 
 
Appendix B 
 
National and Ohio distribution of Ambystomatid salamanders in this study. 
 
National maps were adapted from the "United States Amphibian Atlas Database" 
assembled at Ball State University by Laura Blackburn, M.S., Priya Nanjappa, M.S., and 
Michael J. Lannoo, Ph.D. (2002).  
Ohio maps were adapted from Pfingsten. Only the most recent symbol is shown for a 
locality with more than one collecting date. Circles indicate collections prior to 1950, 
triangles 1950-1988, diamonds since 1988. 
 
 
 
Figure 1 Marbled Salamander, Ambystoma opacum.
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Figure 2 Spotted Salamander, Ambystoma maculatum. 
 
 
    
Figure 3 Tiger Salamander, Ambystoma tigrinum. 
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Figure 4 Smallmouth Salamander, Ambystoma texanum. 
 
 
   
Figure 5 Streamside Salamander, Ambystoma barbouri. 
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Figure 6 Jefferson Salamander, Ambystoma jeffersonianum. 
 
 
         
Figure 7 Range of the kleptogenic Ambystoma jeffersonianum complex (red outline) and 
each of the species that are part of the complex (A. laterale – grey, A. jeffersonianum – 
red, A. texanum – green, A. tigrinum – yellow, A. barbouri – blue). Adapted from Bogart 
et al. 2004. 
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RSP/LACUC-1[R] (2006/11)   
Research Activities 
PETITION FOR APPROVAL OF 
ACTIVITIES INVOLVING THE USE OF LABORATORY ANIMALS 
 
This petition is to be used when requesting review by the Wright State University Laboratory Animal Care and Use 
Committee (LACUC) for approval of research activities involving laboratory animals.  The LACUC requests the following 
information pursuant to its charge.  This information is required by NIH under Section 2F, Vertebrate Animals, and by the 
USDA effective October 30, 1989, per A.P.H.I.S., Final Rules Pertaining to the Animal Welfare Act. 
 
Office of Research and Sponsored Programs 
201J University Hall 
Wright State University, Dayton, OH 45435 
(937) 775-2425 
 
 
 BEFORE completing this form,  you are strongly encouraged to consult with the following: the LAR 
Veterinarian (775-2792) with respect to animal care and procedures; the Statistical Consulting Center (775-
4060) with respect to minimum numbers of animals necessary for your project purposes; and the Fordham 
Health Sciences Library Reference Desk (775-2004) with respect to on-line database searches (see Section F). 
 Failure to respond to all the requested items, to submit all appropriate documents, or to obtain all required 
signatures, may create a delay in the review process of your petition. 
 This information will be made available for USDA and/or the granting agency upon request. 
 
Instructions: 
 
1. The information contained in this petition is publicly available through either the open records act or open meetings.  For 
additional details refer to the signature page. 
 
2. Enter responses (not handwritten) on the pages labeled "Administration" (page 1 and page 2). 
 
3. Please enter a response (not handwritten) in every appropriate field (Items A through H) within the form. 
 
4. Each type of activity requires a separate petition.  Although more than one species may be included in a single Petition, 
each species will require independent responses to Items A-H. 
 
5. Sign the completed petition and submit for review and signature by the LAR Veterinarian. 
 
6. Obtain the signature of the Department Chair or designated alternate, as appropriate. 
 
7. Please send the original and 20 stapled copies of the completed petition and any supporting documents to the LACUC, 
c/o Office of Research and Sponsored Programs, 201J University Hall.  Also include, if appropriate, a copy of any 
relevant approval forms (e.g., Institutional Biosafety Committee, Institutional Review Board, Radiation Safety). 
 
8. When the petition and required copies have been received, an AUP number will be assigned and you will receive a memo 
to that effect, along with an instruction to send a copy of the petition as a Word document attached to an e-mail, 
addressed to rsp_lacuc@wright.edu.  Please put the assigned AUP number in the subject line.  Having an electronic copy 
on file at RSP will help expedite review of amendments you may submit at a later date. 
 
Deadline: Submission dates for review of petitions at the monthly LACUC meetings can be found on the RSP 
webpage: http://www.wright.edu/rsp/subjects.html#animals 
 
The LAR Office can provide additional information or assistance.  If you have any questions concerning the petition or to 
confirm meeting dates, please contact the LACUC compliance facilitator at 937-775-3332 or via E-mail 
(christine.piekkola@wright.edu). 
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Petition for Approval of RESEARCH Activities Involving Laboratory Animals 
WSU Office of Research and Sponsored Programs 
 
ADMINISTRATION PAGE  
For LACUC Use Only: 
 
Receipt Date:   LACUC Protocol No:  
Date of Initial Review:   
Date of Approval:   Pain Category:    
 
Dr Dan Krane  937 775-2257 
Name of Principal Investigator and academic degree  Phone Number 
Biological Sciences  937 775-3320 
Department  FAX Number 
235BH, Wright State University  Dan.Krane@wright.edu 
Mailing Address  E-Mail 
937 775-2257 
Emergency Phone Number  
Position: Faculty  Staff  Other (specify)        
(NOTE:  For student projects, faculty advisors must be the principal investigator, students may be listed as 
co-investigators.  Additional personnel are to be listed on the next page.) 
 
Protocol Title: Genetic differentiation in ambystomatid salamanders across a fragmented landscape 
Anticipated Duration (maximum of 3 years): 2 years Anticipated Start Date: February 2007 or asap 
Do you plan to have these experiments reviewed for funding by an external agency?  Yes   No   
 If yes, what agencies (date, proposal number): NA 
Name of species being requested: Ambystoma spp (A. opacum, A. maculatum, A. tigrinum, A. texanum, A. 
jeffersonianum) 
 Total number of animals being requested: 20 per species per site 
Animal housing/holding/use areas (complete all that apply) 
Animal housing sites {animals kept >24 hours}: Animals will be captured and released in the field 
Study sites {animals kept 12-24 hours}: Animals will be captured and released in the field 
 Surgery sites: 1-20 vernal pools, depending on capture success 
Performance sites {animals use areas other than above}: NA 
(NOTE:  If animals are housed in an area other than LAR controlled facilities, then complete the LACUC Form 
“Housing Outside LAR”, at RSP home page link to “Lab Animals”.) 
Pain and Distress Category (from Petition Item E and Appendix 1): A   B   C   D   
Does this protocol involve survival surgery? Yes   No   
 
Does this protocol involve multiple survival surgeries on the same animal? Yes   No   
Check if the protocol involves: 
Biohazards   Hazardous Chemicals   Radioisotopes   Paralytics   
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In the spaces below, list any additional co-investigators and/or other individuals participating in this activity.  Use 
an additional page if necessary. 
 
Please designate, by circling the corresponding listing number below, two (2) individuals who may be contacted 
in case of an emergency and list their emergency contact phone number. 
 
Important Notes:  
 
1. Only these named individuals will be permitted to handle or otherwise use animals under the 
authority of this protocol and, only then after having completed the appropriate LAR training course(s). 
 
2. As personnel on protocols change, it is the Principal Investigator's responsibility to amend the 
protocol to reflect these changes. 
 
 
 Co-Investigators: (Include name, department, academic appointment or position title, campus address and 
phone number, and, if applicable, emergency phone number.) 
 
1. Joseph E Bartoszek, Biomedical Sciences PhD candidate, 128 Biological Sciences Building, 775-2257 
 
2.       
 
3.       
 
 
 Professional/Support Staff:  (Include name, department, academic appointment or position title, campus 
address and phone number and, if applicable, emergency phone number.) 
 
1.       
 
2.       
 
3.       
 
4.       
 
 Graduate or Undergraduate Students:  (Include name, department, student title, campus address and phone 
number and, if applicable, emergency phone number.) 
 
1.       
 
2.       
 
3.       
 
4.       
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A. OBJECTIVE: 
 Briefly describe, in lay language: 
1. State the objective of this proposed activity involving animals.  (limit length to ~half of a page) 
» Amphibians are in decline. Ohio has lost over 90% of its historical wetlands. Existing habitat is 
fragmented and lacks connectivity. It is not known what effect this may have on long term viability of 
amphibian populations. The ambystomatid salamanders (mole salamanders) are secretive and difficult to 
assess. They are dependent on fishless ponds (vernal pools) as breeding areas and surrounding forest for 
adult survival. Independently, both of these habitats are vanishing, and combined, they are becoming very 
rare. In remaining forested areas that have vernal pools, these pools often occur in multiples. It is known 
that ambystomatid salamanders have natal fidelity, but the extent of this fidelity and how it influences 
genetic diversity of populations is not known. The objective of this study is to determine how much 
genetic diversity exists in these salamanders within and between forested areas. This knowledge will help 
to understand barriers to gene flow and allow intelligent conservation decisions to be made. 
2. State the significance of this proposed activity involving animals.  (limit length to ~half of a page) 
» By knowing the current state of genetic diversity in these populations, and understanding what 
barriers exist to gene flow, intelligent conservation decisions can be made. A recent publication 
(Cushman, 2006, Effects of Habitat Loss and Fragmentation on Amphibians: A Review and 
Prospectus) calls out for "using molecular genetic methods to derive rates of gene flow among 
ponds…" and recognizes that "Only by analyzing species-relevant habitat patterns at scales 
relevant to the populations of those species will it be possible to obtain reliable inferences about 
the impacts of habitat loss and fragmentation on amphibian populations."  
 
B. ANIMALS: 
1. Identify the species, strain, stock and/or cross to be used and provide the rationale for using each. 
» Animals of the genus Ambystoma will be used. In southwest Ohio, five species can be found, 
Ambystoma maculatum, A. texanum, A. opacum, A. tigrinum, and A. jeffersonianum. Little is 
known about the effects of habitat loss and fragmentation of amphibians in general, but in 
particular, these animals, in part because of their secretive life history. Species specific 
information is needed to make intellegent conservation decisions. Many of these species are 
sympatric and can be sampled at the same locations, although it is unknown if gene flow is 
similar between species. Preliminary evidence suggests that it is quite different, but more data is 
needed to determine this. Animals to be used will be no more than 400 per species of the five 
listed in this section. 
2. Will this protocol involve animals that have been surgically or genetically modified prior to their use in 
this study? 
» Yes   No   
 If yes, indicate the type of surgical or genetic modifications.  Include the source or the facilities required 
to produce the modifications and who will do the modifications.  (Detailed descriptions of surgical 
procedures should appear in Item G.) 
»       
3. Are standard animal husbandry and care practices adequate for the animals in this protocol? 
» Yes   No   
a. If no, specify the deviations that are necessary and provide a scientific justification for these changes.  
Briefly describe any special husbandry required by surgically or genetically modified animals. 
»       
b. If animal care or housing (>12 hr.) is provided by the investigator, then standard operating 
procedures for these activities must be completed (in consultation with LAR staff) using the 
Guidelines for Animal Housing and Care occurring Outside of LAR.  A copy of these procedures 
must be available at the site of animal housing and care. 
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C. DISPOSITION AND EUTHANASIA: 
1. Describe and explain your recommendations for the disposition of animals used in this protocol. 
 Examples of disposition options are:  euthanasia, transfer to another approved protocol, and adoption.  
(Note:  If adoption is a recommendation for any surviving animal, then describe the suitability.) 
» Animals will be returned to their natural environment 
2. When euthanasia is the recommended disposition of the animals. 
a. Explain the need for euthanasia as part of the scientific study. 
»       
b. Describe the method that will be used (refer to the current AVMA Panel on Euthanasia 
recommendations). 
 If a chemical agent will be used, include name of the agent, dose, and route of administration. 
»       
c. Indicate who will perform the euthanasia and describe their qualifications/certification(s). 
»       
 
D. HAZARDOUS MATERIALS: 
The LACUC recognizes that hazards frequently are associated with animal use.  However, please describe 
any unusual procedures that are potentially hazardous in these studies and indicate how potential hazards 
associated with them will be monitored. 
NOTE: If your protocol involves the use of hazardous materials, you must include verification of 
approval from the appropriate review committee (such as the Institutional Biosafety 
Committee).  If not already approved, then provide information relevant to such committee 
review (including name of the review committee, status of the review, anticipated 
review/approval date).  Projects will not be permitted to start until verification of such 
approval is on file with the LACUC.  Contact Environmental Health and Safety at 937-775-
2215 for assistance. 
1. For the hazardous agents used with living animals (such as, infectious organisms, radioisotopes, 
carcinogens). 
a. Explain the need for the hazardous materials. 
»       
b. Describe how the hazardous materials will be handled. 
»       
c. Describe any procedures that are potentially hazardous, and how these hazards will be monitored. 
»       
2. If not readily available, include copies of the appropriate Material Safety Data sheets (MSD) with this 
petition.  Contact Environmental Health and Safety at 937-775-2215 for further information. 
 
E. PAIN AND DISTRESS: 
NOTE: Federal regulations require that investigators having protocols which are expected to cause 
more than momentary pain and distress (that is Categories B, C, & D, Appendix 1) will have 
consulted with the attending veterinarian or her/his designee during the planning stage. 
1. Describe any anticipated pain and distress to the animals greater than momentary or slight. 
» A small (approx. 3mm) piece of tail tissue will be removed with a clean scalpel blade. The tails of these 
animals, generally longer than 20mm, are lost naturally as a predator defense mechanism. Therefore it is 
anticipated that any discomfort will be minimal. No anesthetic or antibiotic will be used as these animals 
have very absorptive skin and application of any chemical could be harmful to the animal. These 
procedures are performed outdoors in cold weather, usually when the animals are captured under ice. The 
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cool temperatures lower the metabolic rate of these animals and further reduce the possibility of physical 
discomfort from the procedure. Tail tissue lost regenerates naturally so no lasting effect is anticipated. 
2. Provide the scientific basis that justifies the potentially pain or distress producing procedures. 
» Some tissue is required to conduct genetic analyses. Previous methods to determine genetic diversity 
used allozymes, which must be extracted from the liver and require sacrificing the entire animal. Our 
ultimate objective is to provide satisfactory habitat that reduces the possibility further decline in the 
populations of these animals. 
3. Using the attached reference (Appendix 1) indicate the anticipated level of pain and discomfort 
experienced by the animals during the described activities. 
» A   B   C   D   
4. Indicate the efforts made to minimize the pain and discomfort. 
» analgesics   anesthetics   tranquilizing drugs   
5. Will pain or distress intentionally not be relieved? 
» Yes   No   
 If yes, then provide the scientific basis that justifies the unrelieved pain or distress. 
»       
6. Describe the adverse effects that can be anticipated to occur during the course of the research that would 
require removal of animals from the study. 
NOTE: It is institutional policy that all animals determined to be moribund in the opinion of the 
Veterinarian will be humanely euthanized.  Any exception to this policy requires thorough 
explicit justification and prior Committee approval. 
a. Prior to euthanasia, is morbidity likely based on the proposed live animal experimental procedures? 
» Yes   No   
b. What are the criteria that will require removal of animals from the study? 
» The animals will only be held briefly and returned to their environment within moments of sampling, 
therefor morbidity is not anticipated. 
c. What specific actions will be taken should these conditions occur? 
» Moribund animals would have been found in that condition in their natural environment and will be 
returned to their natural environment in that condition. 
d. How often will the animals be checked? 
» Upon capture, and returned immediately thereafter. 
e. Who will monitor the animals after experimental procedures, in addition to routine LAR monitoring? 
» NA 
 
F. ALTERNATIVES AND DUPLICATION: 
NOTE: A simple statement that alternatives do not exist will not be sufficient. 
1. Databases and computer searches for alternatives and duplication. 
NOTE: For assistance conducting database and computer searches, please contact the 
LACUC designated Reference Librarian at the Fordham Health Sciences Library, 
Wright State University (937-775-2004). 
Three distinct searches must be conducted and summarized 
• Alternative procedures that produce less pain and distress. 
• Alternatives to live animals. 
• Duplication of experiments. 
a. Provide the keywords and search strategy (logical keyword combinations) used for each database 
searched.  (Including a copy of the database search history is a convenient way to provide these 
keywords and strategies.) 
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» This is a continuation of research described in AUP#586, the initial search as described in that protocol 
(2004). Search strategy: Ambystoma AND population AND genetics; Ambystoma AND tail AND 
sample, amphibian AND genetic AND sampling, amphibian AND buccal AND swab. In addition to 
BIOSIS and Science Citation Index, the scientific search engine Scirus was used. 
 If you wish to include any citations obtained from the data base and computer searches, then 
provide only one copy of that listing. 
b. Indicate in Table 1 the inclusive dates searched for each database used and the date the search was 
performed.  The LACUC strongly recommends the use of more than one (1) database. 
» 
Table 1: Databases 
     ;     AGRICOLA            CRIS            NTIS 
           AWIC            EMBASE            SCISEARCH 
     1     BIOSIS            MEDLINE            TOXLINE 
 OTHER (provide database name(s)) Science Citation Index 
   
Date of search 1/17&18/2007  
 
2. Search for alternative procedures that produce less pain and distress. 
 Proposed studies that will cause more than momentary or slight pain or distress to the animals (that is 
categories B, C, or D from Item E and Appendix 1) are required by Federal regulations to provide a 
written description of attempts to find alternate procedures that are less painful or distressful to the 
subject animals. 
a. Summarize the results of the search for alternative procedures that produce less pain and distress. 
 Include databases searched, keywords and search strategies. 
» Results of the search as listed above yielded 17 documents, none describing alternate procedures.  
b. Provide justification for not using the alternate procedures found in the search. 
» Two alternate procedures of which I am aware from working in this field for the past 8 years are 
allozyme analysis described above. The animal must be sacrificed for this procedure. The second is new 
and is a buccal swab. The amphibians this was first described for were anurans. My experience with this 
method on urodeles has been less than successful. Many of the animals I work with are larval and the 
swab is not suitable for a small aquatic larval animal. The swab is large and "fuzzy" and gets caught on 
the teeth leaving fibers behind and clearly causes more stress in the animal than taking the tail tip. 
Similarly with adult animals, they have a greater negative reaction to the attempt to take a buccal swab, 
and it too hangs up on their teeth. This procedure may be suitable for anurans, but not for ambystomatid 
urodeles. 
3. Search for alternatives to live animals. 
 Summarize the results of the search for alternatives to live animals, including the sources consulted. 
a. Summarize the results of the search for alternatives to live animals, including the sources consulted. 
 Information that augments the databases, such as communications from experts in the field, is 
welcomed by the LACUC. 
» Population genetics studies require samples containing genetic material. Only in very rare instances can 
one collect genetic samples from material other than live animals, and I am not aware of this ever being 
done on amphibians. 
b. Explain why alternatives to live animals, such as in vitro biological systems, mathematical models or 
computer simulations, would not be appropriate for this study. 
» Population genetic studies require the genetic material from animals living in those populatons being 
studied, particularly in the study of conservation biology. 
c. Indicate what consideration was given to using an alternative animal that would be less sensitive to 
the pain and distress of both the experimental procedures and housing arrangements (for example, 
amphibian species versus mammalian species or non-primate species versus primate species). 
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» I am including one invertebrate species in this study, however this will not be a substitute for data 
collected to ascertain the population dynamics of the salamanders. In order to understand the population 
connectivity of these animals, one must study that species. As Cushman (2006) pointed out, species 
specific information is lacking and needed, hence one cannot even substitute one species of 
ambystomatid for another. 
 If such an alternative animal can be used, then justify not using this alternative. 
» NA 
4. Search for duplication of experiments. 
 Summarize the results of the search for duplication of the experiments proposed in Item H  (ANIMAL 
PROTOCOL).  Include databases searched, keywords and search strategies. 
 Information that augments the databases, such as communications from experts in the field, is 
welcomed by the LACUC. 
» There are only a few researchers working in this area and I have been in touch with all of whom I am 
aware. Copies of emails can be provided, briefly this approach is supported and a recent paper by Kelly 
Zamudio (one of the researchers with whom I have been in contact) is similar in scope (and is discussed 
below). Tissue collection methods used by Dr Zamudio are not described in her paper, but are the same 
as these. Some researchers formerly used toe clipping, but recent research has shown this method to be 
detrimental to the continued life history of the individual. The research was carried out on anurans (frogs 
and toads), further supporting the tail clip as the best method to procure a tissue sample. I have worked 
with Dr Jim Bogart (University of Guelph) in the field and in his lab, and his observations indicate that 
the tail clipped area can regenerate as quickly as two weeks in larval amybstomatids. 
a. Briefly explain how you determined that the proposed experiments are not duplicative of previous 
studies. 
 Provide assurances that this study does not unnecessarily duplicate previous research/testing 
conducted by this or any other investigator or any other research efforts. 
» The few papers published on ambystomatid population genetics are at larger scales, or populations that 
have more connectivity. Spear et al (2005) looked at a western subspecies of tiger salamander in 
Yellowstone Park, and the recent paper by Kelly Zamudio (2007) looked at spotted salamander 
populations across a forested landscape in the finger lakes region of upstate New York. As indicated 
earlier, Ohio has lost over 90% of its wetlands and these animals are living in an extremely fragmented 
landscape with little to no connectivity (this lack of connectivity is assumed based on landscape factors, 
this population genetic study will help us to understand the level of connectivity between populations). 
b. If the proposed activities do duplicate previous work of yourself or others, then justify the need for 
this duplication. 
»       
 
G. ANIMAL SURGERY: 
Provide complete information regarding any surgical procedures involved in this study. 
NOTE:  Federal regulations forbid multiple surgeries on the same animal unless the surgeries are 
scientifically justified.  If multiple surgeries are proposed, then scientific justification must be 
provided and each surgery must be fully detailed. 
1. Are any animal surgeries proposed? 
» Yes   No   
2. Indicate the type of surgeries proposed. 
» Non-survival   Survival   Multiple survival   
 Provide scientific justification for any cases of multiple survival surgeries. 
»       
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3. Indicate in Table 2 the name, concentration, vehicle, volume, route and frequency of each substance to 
be administered to relieve pain and distress due to surgical procedures. 
» 
Table 2.  Surgical and post-operative relief of pain and distress 
name concentration vehicle volume route frequency use 
                                    surgery 
                                          
                                          
                                    post-operative 
                                          
                                          
 
4. Provide details for each surgery. 
a. Pre-operative treatments. 
» None, animals will be released into their natural environment. 
b. Surgical procedures and sites of performance. (Experimental design should appear in Item H.) 
» The tail tip will be removed using a scalpel. 
5. Post-operative care. 
 Include information concerning after-hours, weekend, and holiday scheduling of care. 
» Animals will be released immediately back in to the wild. Handling will be minimized as handling alone 
increases the stress level of these animals (Homan, 2003). 
 
H. ANIMAL PROTOCOL: 
Provide a complete, detailed description of the proposed activity directly involving live animals. 
 Please keep in mind that not all members on the LACUC will be completely familiar with your 
particular field of expertise. 
1. Experimental manipulations/procedures. 
 Be specific about all manipulations/procedures that the animals will undergo. 
a. Name each individual who will have direct contact with the animals, what she/he will do and what 
his/her qualifications are. 
» Assistance may be used for placing and retrieving the traps, however actually handling of animals will 
only be conducted by Joe Bartoszek. The actual tail removal will be done Joe Bartoszek as only one 
person is needed for this step. I have been collecting amphibians for analysis of wetland condition with 
the Ohio EPA since 2001. The procedures we use were developed by our agency under a grant from 
USEPA. They were developed to capture and count the various species of amphibians and 
macroinvertebrates in wetland environments. This data is used to assess wetland condition.  
b. Indicate in Table 3 the name, concentration, vehicle, volume, route and frequency of each substance 
to be administered. 
» NA 
 
Table 3.  Exerimental substances and substances for relief of induced pain and distress 
name concentration vehicle volume route frequency use 
                                    experimental 
                                          
                                          
                                          
                                    analgesia 
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c. Itemize in a list the procedures that the live animals will experience, including the frequency of 
administration.  Include a list of surgical procedures from Item G.  (Detailed descriptions of in vitro 
experimental procedures are not necessary) 
» Captured in the funnel trap (often adults will continue breeding activities in the funnel traps, so it is 
believed that capture in these traps is not particularly stressful). Removal from the trap into a water filled 
tray. Taken from the tray, tail tipped, and returned to a second water filled tray. Returned to the vernal 
pool. 
2. Experimental design. 
a. Thoroughly describe the experimental design, so that relationships among treatment groups are 
apparent.  (For in vitro studies include only enough experimental information to determine group 
number in Item H.2.c.2.). 
 Use flow charts and/or tables to detail the treatment groups involved.  Include a timeline of the 
manipulations and procedures that the live animals will undergo. 
» Briefly, a funnel trap (similar to a minnow trap) is place in the vernal pool, often under ice. This 
placement occurs during the February/March breeding season, and again in April/May when larvae are 
present. The traps are left in the wate overnight and retrieved the next day. Assistance may be used in 
trap retrieval. The traps are emptied into water filled plastic trays, and the animals are identified and 
counted. Individuals are taken from the tray and placed on a clean surface. The tail tip is removed by 
scalpel, the animal is placed in another water filled tray and the tissue sample placed in an ethanol filled 
tube. The tube is marked and placed in a marked whirlpak (plastic bag). Once all animals have been 
processed, the animals are returned to the vernal pool. New disposable latex gloves are worn during this 
procedure and a sterile scalpel will be used for each animal. If scalpels are reused, scalpels will be 
sterilized using the appropriate instrument sterilant for the appropriate time. From the preliminary data, it 
is clear I need some additional sites to understand the data gathered to date. Specifically, it is not clear 
whether the level of genetic difference seen in the marbled salamander is from natal fidelity or from a 
manmade barrier to migration.  
b. The proposed experiments are part of: 
» 
 an inferential study, with a specified statistical power (80% for example) where conclusions 
are to be made about a population based on information from a sample.  The optimal sample 
size should be determined by statistical procedures. 
 an exploratory study that examines patterns and relationships of responses; conclusions are 
often less definitive than in an inferential study.  Sample size often is determined by previous 
experience, past practice, and/or statistical rules of thumb. 
  a pilot/feasibility study that is a small-scale investigation to test the feasibility of methods and 
procedures in preparation for a definitive larger-scale study.  The results often can be used to 
aid in determining optimal sample size for future inferential studies. 
  an animal breeding or surveillance protocol that does not test experimental hypotheses. 
c. Justify the proposed number of animals. 
 The Statistical Consulting Center (130 Mathematical and Microbiological Sciences Bldg.;  
937-775-4205) is available as a resource to help design statistically sound experimental studies. 
1. Indicate how the sample size was determined (sample size analysis, for example). 
» The above description appears to best fit this study. A sample size of 20 animals per population 
was arrived at by consultation with Bev Grunden of the Statistical Consulting Center and Dr Dan 
Krane. Using less than 20 animals was not advised. 
2. Specify the number of experimental treatment groups to be used, which together with the sample 
size result in the total number of animals (given on the administration page). 
» 20 animals per population, and the number of populations sampled is dependent on success (or 
failure) in the field. Preferred sampling will include an additional 20 populations, although past 
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experience indicates that I may be able to get animals for an additional 3-5 populations. No more 
than 20 additional populations will be sampled. 
3. State the types of statistical analyses that will be used to analyze the data. 
» Hardy-Wienberg Equilibrium will be examined using Chi2 and exact tests. Genic and genotypic 
frequencies within and between populations. Genic differences are concerned with the allelic 
distribution of alleles in the various populations. The null hypothesis tested is Ho: "the allelic 
distribution is identical across populations". For each locus, an unbiased estimate of the P-value 
of the probability test (or Fisher exact test) is performed, as described by Raymond and Rousset 
(1995). For sub-option 2, the test is the same, but it is performed automatically for all pairs of 
samples for all loci. Genotypic differences are concerned with the distribution of genotypes in 
the various populations. The null hypothesis tested is Ho: "the genotypic distribution is identical 
across populations". An unbiased estimate of the P-value of a log-likelihood (G) based exact test 
is performed (Goudet et al. 1996). The principle of this test is the same as the probability test (or 
Fisher exact test). For the probability test, the P-value is calculated as the sum of the probabilities 
of all tables (with the same marginal values as the observed one) with a lower or equal 
probability than the observed table. For this G-based test, the statistics defining the rejection 
zone (which is the probability of the observed table for the probability test) is the G value 
computed on the genic table derived from the genotypic one, so that the rejection zone is defined 
as the sum of the probabilities of all tables (with the same marginal values as the observed one) 
having a higher or equal G value than the observed one. The universe explored by the Markov 
chain concerns the genotypic tables having the same marginal values as the observed one, and the 
statistics defining the rejection zone are computed on each genic table associated with each 
genotypic one. F statistics will also be computed, in particular Fst. Fst is estimated by a " 
weighted " analysis of variance (Cockerham, 1973 ; Weir and Cockerham, 1984), and the 
analogous measure of correlation in allele size (rho_st, see Rousset, 1996) is estimated by the 
same technique (Michalakis and Excoffier, 1996). Multilocus estimates are computed as in Weir 
and Cockerham (1984). Additional population genetics analyses may be included as well. 
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SIGNATURE PAGE NON-CONFIDENTIAL ** LACUC #  
 
I certify that this project will be conducted in full accordance with the PHS Policy on Humane Care and 
Use of Laboratory Animals, USDA rules and Wright State University policies governing the use of live 
vertebrate animals for research, testing, or teaching purposes. 
 
I understand that institutional approval is valid for a period of three (3) years following the date of 
original approval with annual updates required.  At the end of the three (3) year period, this protocol shall 
be automatically inactivated and all animal activities covered under it shall cease.  To continue or add to 
these animal activities, submission and review of a new animal use protocol is needed.  The new protocol 
will be assigned a new AUP number. 
 
Should any changes occur (such as, increase/decrease in number of animals, change of technique, 
additional co-PI) I accept the responsibility to submit an appropriate modification to LACUC for review 
prior to initiation of such changes or modifications. 
 
I further affirm that the information presented on this Petition accurately reflects the animal use in the 
grant application submitted for either internal or external funding. 
 
** This research protocol will be reviewed in an open meeting and the information contained herein may 
become otherwise publicly available under the open records act.  If you feel that all or part of your 
protocol is properly confidential, i.e., is:  potentially patentable work, trade secrets, proprietary information, 
work that could lead to or result in commercial development, or (perhaps) other information related to your 
research which you deem to be confidential, you may wish to have the protocol considered confidentially.  If 
you decide to request that the protocol be considered confidentially, do not sign this signature page.  
Instead, RSP will provide, upon request, an alternate signature page for protocols containing confidential 
information.  For further legal information, please feel free to contact the Wright State University Office 
of General Counsel (937-775-2475). 
 
My signature below indicates that I do not request that this protocol be considered as confidential. 
 
    
Signature of Principal Investigator  Date 
 
I have reviewed this project and find it in keeping with humane care requirements and, if applicable, items 
relevant to relief of pain and distress (noted in Petition Item E) have been discussed with the Principal 
Investigator. 
 
  
Veterinarian Signature 
 
I have reviewed this protocol and find it to be with merit. 
 
 
  
Department Chair (or designated administrative alternate) *** 
 
*** Department Chairs submitting as Principal Investigators should use the administrative alternate for their 
department.  The "designated alternate" may be an individual or a representative of an institutional research 
and/or development committee. 
 
 -------------------------------------------------------------------------------------------------------------------------------------------------------------  
LACUC Recommendations: Approval _____   Original _____   Modified  _____   Further Review _____ 
 
 / /  
 LACUC Chair Signature (typed/printed) Date 
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PAIN AND DISTRESS CLASSIFICATION SYSTEM 
 
Categories of Research:  investigator must specify the appropriate category of experimentation in Item E. 
 
CATEGORY A — The research involves either no pain or potentially involves momentary, slight pain, 
discomfort or stress.  Includes simple invasive procedures (e.g., injection, blood sampling), collection of 
tissues preceded by standard euthanasia, behavioral testing without stress. 
 
CATEGORY B — The research potentially involves minor short-term pain, discomfort or distress 
which will be treated with appropriate anesthetics/analgesics.  Includes minor survival surgery with 
anesthesia and without significant postoperative pain (e.g., biopsy), implantation of minor chronic 
catheters (e.g., femoral, arterial and venous catheters, flow probes, etc.), short-term physical restraint 
(<60 min.) of awake animals, induction of minor behavioral stress.  Such procedures should not cause 
significant changes in the animal's appearance, in physiological parameters such as respiratory or cardiac 
rate, or fecal or urinary output, or in social responses. 
 
CATEGORY C — The research involves terminal anesthetic surgery, chronic maintenance of animals 
with a disease/functional deficit and/or procedures potentially inducing moderate pain, discomfort or 
distress which will be treated with appropriate anesthetics/analgesics.  Includes major survival surgery 
with anesthesia and/or inducement of a functional deficit (e.g., orthopedic surgery on femur, amputation, 
bowel resection, cardiac surgery, adrenalectomy, non-painful tumor inducement, use of immunological 
adjuvants), physical restraint (>60 min.) of awake animals, exposure of an animal to noxious stimuli from 
which escape is impossible, induction of more than minor behavioral stress. 
 
Studies listed in Category C should not cause prolonged or severe clinical distress as may be exhibited by 
a wide range of clinical signs, such as marked abnormalities in behavioral patterns or attitudes, the 
absence of grooming, dehydration, abnormal vocalization, prolonged anorexia, circulatory collapse, 
extreme lethargy or disinclination to move, and clinical signs of severe or advanced local or systemic 
infection, etc. 
 
CATEGORY D — The research potentially involves pain, discomfort or distress (greater than that 
attending a routine injection) which cannot/will not be treated with appropriate anesthetics/analgesics.  
Examples include pain research, radiation testing, use of muscle relaxants or paralytic drugs without 
anesthetics, toxicity testing and lifetime carcinogenesis experiments having death as the endpoint. 
 
 
NOTE: Although this classification system is current, changes in guidelines and in regulations are 
possible. 
 
Appendix D 
Species Genotypes 
 
 
Genotypes of all indidividuals sampled. Individuals are sorted by species. All alleles are represented by a three digit number. This 
number represents the length of the allele at that locus. For example individual Meijer#1_01 is a smallmouth salamander from Meijer 
pond #1 and is homozygous for allele 154 at locus AjeD283. 
 
    Ambystoma texanum 
 Loci 
Location AjeD283 AjeD346 AjeD378 AjeD422 Atex74 
Meijers#1_01, 154154 080080 0 204232 224232 
Meijers#1_02, 154154 080080 0 200232 220224 
Meijers#1_03, 154166 080080 0 192232 224224 
Meijers#1_04, 166170 080080 0 240244 224232 
Meijers#1_05, 166206 080080 0 232236 220224 
Meijers#1_06, 158166 080080 0 236244 220224 
Meijers#1_07, 166170 080080 0 236240 220232 
232240 220224 
232236 220224 
240240 220224 
192240 224224 
208232 220224 
232244 224224 
232240 224224 
208232 224224 
Meijers#1_08, 158170 080080 0 
Meijers#1_09, 158166 080080 0 
Meijers#1_10, 158166 080080 0 
Meijers#1_11, 158170 080080 0 
Meijers#1_12, 166166 080080 0 
Meijers#1_13, 166170 080080 0 
Meijers#1_14, 158166 080080 0 
Meijers#1_15, 166166 080080 0 
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Meijers#1_16, 158166 080080 0 232244 224224 
Meijers#2_01, 154166 0 220256 236244 228232 
Meijers#2_02, 154162 0 236236 196236 228232 
Meijers#2_03, 162166 0 236236 236244 228228 
Meijers#2_04, 166198 0 236256 236244 228232 
Meijers#2_05, 154162 0 236236 236240 228232 
Meijers#2_06, 154206 0 236256 236244 228232 
Meijers#2_07, 162166 0 236236 236236 228232 
Meijers#2_08, 162166 0 236236 208236 228232 
Meijers#2_09, 154154 0 236236 236236 228232 
Meijers#2_10, 154158 0 236236 208208 228228 
Meijers#2_11, 162166 0 236236 240244 228232 
Meijers#2_12, 158162 0 236236 236236 228236 
Meijers#2_13, 166206 0 236236 236236 232232 
Meijers#2_14, 162166 0 236236 236244 228232 
Meijers#2_15, 154198 0 236236 208236 232232 
Meijers#2_16, 154154 0 236236 208236 228232 
Meijers#2_17, 162162 0 236236 236236 232232 
Meijers#2_18, 154154 0 236236 208208 228232 
Meijers#2_19, 162166 0 236236 244244 228232 
Meijers#2_20, 158162 0 236236 0 0 
Meijers#2_21, 166166 080080 0 228244 0 
Meijers#2_22, 154162 080080 0 204240 0 
Meijers#2_23, 162162 080080 0 232236 0 
Meijers#2_24, 158166 080080 0 240240 220224 
Meijers#2_25, 158170 080080 0 240244 224232 
Meijers#2_26, 158190 080080 0 240244 220224 
Meijers#2_27, 170170 080080 0 232240 224232 
Meijers#2_28, 166166 080080 0 208232 220224 
Meijers#2_29, 170170 080080 0 232240 220224 
Meijers#2_30, 158170 080080 0 232232 224232 
Meijers#2_31, 162170 080080 0 232240 224224 
Meijers#2_32, 170170 080080 0 232240 224232 
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Meijers#2_33, 166166 080080 0 232240 224232 
Meijers#2_34, 166170 080080 0 208208 224232 
Meijers#2_35, 166170 080080 0 232232 224232 
Meijers#2_36, 158162 080080 0 240240 220224 
Meijers#2_37, 166194 080080 0 232240 220232 
Meijers#2_38, 170190 080080 0 240240 232232 
Meijers#2_39, 158170 080080 0 232240 224224 
Meijers#2_40, 166170 080080 0 232240 224224 
Meijers#2_41, 166170 080080 0 208232 224224 
Meijers#2_42, 194198 080080 0 208208 224224 
Meijers#2_43, 166170 080080 0 232232 224224 
Meijers#2_44, 166170 080080 0 240240 224224 
Meijers#2_45, 166166 0 220236252 208240 228236 
Meijers#2_46, 154162166 0 220236252 208248 236240 
Meijers#3_01, 166166 0 228228 232240 228236 
Meijers#3_02, 162166 0 220252 208232 224236 
Meijers#3_03, 154154 0 236236 208236 224228 
Meijers#3_04, 162166 0 236236 236248 0 
Meijers#3_05, 162166 0 236236 236244 228232 
Meijers#3_06, 154162 0 236236 236236 228228 
Meijers#3_07, 166202 0 236236 244244 228232 
Meijers#3_09, 162162 0 236236 0 0 
Meijers#3_09, 154166 0 236236 236244 232236 
Meijers#3_10, 162166 0 236236 236244 228228 
Meijers#3_11, 162166 0 236236 208244 236236 
Meijers#3_12, 162198 0 236236 236248 228228 
Meijers#3_13, 154162 0 236236 208208 228228 
Meijers#3_14, 162166 0 236236 236244 224228 
Meijers#3_15, 154166 0 236236 208248 232232 
Meijers#3_16, 154162 0 236236 236244 224232 
Meijers#3_17, 166166 0 236236 240244 228228 
Meijers#3_18, 154154 0 236236 236244 228232 
Meijers#3_19, 166166 0 236236 236244 228232 
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Meijers#3_20, 154162 0 236236 244244 0 
Meijers#3_21, 162198 0 236236 204240 224224 
Meijers#3_22, 158166 0 236236 196208 228232 
Meijers#3_23, 166198 0 0 204244 228228 
Meijers#3_24, 158210 0 220256 236236 228232 
Meijers#3_25, 158166 0 220256 244244 228228 
Meijers#3_26, 154166 0 236236 204244 228228 
Meijers#3_27, 154166 0 236236 208236 228228 
Meijers#3_28, 166170 080080 0 232240 220224 
Meijers#3_29, 154154 080080 0 204240 224224 
Meijers#3_30, 158166 080080 0 240240 224232 
Meijers#3_31, 154162 0 220236252 244244 228228 
Meijers#3_32, 158162166 0 220236252 236236 228232 
MartinFarm_01, 166170 080080 0 236244 0 
MartinFarm_03, 166170 080080 0 224244 0 
MartinFarm_04, 166166 080080 0 240244 0 
MVCTC-tex_01, 166206 080080 0 236240 236236 
MVCTC-tex_02, 158170 080080 0 204240 220224 
MVCTC-tex_03, 166206 080080 0 200240 220224 
MVCTC-tex_04, 158166 080080 0 204240 220224 
MVCTC-tex_05, 158166 080080 0 204240 220224 
Butterfield_01, 170178 080080 0 208212 192200 
Drew#1_01, 150154 080080 0 196236 0 
Drew#1_02, 166170 080080 0 196240 0 
Drew#1_03, 158194 080080 0 200220 0 
Drew#1_04, 154166 0 220252 200240 232232 
Drew#1_05, 154158 0 228228 228236 236236 
Drew#1_06, 150154 0 228228 232232 224224 
Drew#1_07, 150154 0 252252 196200 232232 
Drew#2_01, 154162 080080 0 200200 0 
Drew#3_01, 210214 080080 260260 188196 220232 
Drew#3_02, 158158 080080 0 188232 224224 
Drew#3_03, 158166 080080 0 236240 232232 
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GBW#1_01, 202202 080080 0 236240 0 
GBW#1_02, 182198 080080 0 200240 0 
GBW#2_01, 198198 0 0 220240 0 
GBW#2_02, 170174 080080 0 236244 0 
GBW#2_03, 166170 080080 0 200236 0 
GBW#2_04, 166186 080080 0 236240 0 
GBW#2_05, 170206 080080 0 200236 0 
GBW#2_06, 202202 080080 0 200220 0 
GBW#2_07, 106170 080080 0 200236 0 
GBW#2_08, 158194 0 0 200240 0 
GBW#2_09, 170170 0 0 200240 0 
GBW#2_10, 154206 080080 0 208244 0 
GBW#2_11, 154202 080080 0 236236 0 
GBW#2_12, 166170 080080 0 208220 0 
GBW#2_13, 170194 080080 0 236240 0 
GBW#3_01, 202202 080080 0 200208 0 
GBW#4_01, 166166 080080 0 236240 0 
GBW#4_02, 170202 080080 0 240244 0 
PosCrk_01, 158162 0 252252 204244 284284 
PosCrk_02, 162162 0 252252 236240 284284 
PosCrk_03, 162166 0 252252 232240 216220 
PosCrk_04, 0 0 252252 0 0 
 
 
Ambystoma maculatum            
 Loci 
Location D321 D448 D162 D049 C151 D099 D184 D328 C040 D315 D023 D042 D287 
Selma-01, 134146 335335 191235 157181 222266 175183 151163 280280 157169 238238 237237 135144 187187 
Selma-02, 134154 323335 187235 161161 222222 183183 151155 0 169169 0 199239 131135 183187 
Selma-03, 134146 335335 191235 137161 222266 195199 147163 292292 157157 0 219237 131131 187203 
Selma-04, 146146 335335 187191 181181 262266 175183 155155 280280 157169 238238 237237 131131 183187 
Selma-05, 134154 335339 191235 157161 222262 183195 155163 280000 157157 238238 217237 131131 187187 
Selma-06, 146154 323335 235243 161161 266266 183195 155159 292292 157169 238238 205237 127131 179187 
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Selma-07, 134134 299335 0 161181 262262 183195 151151 0 161169 0 199239 131131 187187 
Selma-08, 154154 311339 231243 181181 222262 183195 159159 0 157169 240240 217237 135135 183187 
Selma-09, 134146 311339 191235 137157 262262 183191 155159 0 153157 238238 197237 131135 187187 
Selma-10, 134146 335335 175235 161177 266266 191195 143155 265265 0 238238 219237 131131 187191 
Selma-11, 134146 311335 175187 157181 262262 183199 145155 292000 144153 238238 237237 131135 187195 
Selma-12, 122122 299339 235235 185185 262262 183183 143155 0 141153 0 237237 131135 183187 
Selma-13, 146146 311335 191191 137181 222262 183195 155163 292000 153161 238238 237237 131143 187187 
Selma-14, 134154 335335 131195 0 266266 183199 151155 292000 159169 238238 237237 131135 191195 
Selma-15, 134154 335335 195235 157161 222262 183195 143163 280000 141161 238238 199239 131135 187195 
Selma-16, 138154 299335 187195 161181 262266 195199 159163 280000 0 0 217237 127127 183195 
Selma-17, 146146 335339 191243 161161 222262 183183 155159 280292 153159 238238 197237 131135 187195 
Selma-18, 146154 299299 187235 157161 222262 183183 159163 0 159161 238238 197197 135135 0 
Selma-19, 134154 335339 0 157181 0 183183 159163 280000 159159 238238 221237 127131 187195 
Selma-20, 138154 311335 191195 157161 262262 183183 145147 0 157169 0 199199 135135 183187 
Sugar-01, 130146 283303 227227 157165 262262 191191 143175 276276 141175 0 209209 131131 191191 
Sugar-02, 130142 323339 195195 157165 222266 191203 155167 288292 159000 238238 193209 131131 199203 
Sugar-03, 130142 323339 0 161185 0 191191 153153 280292 0 226238 0 131131 191199 
Sugar-04, 0 283283 0 157157 0 0 153153 0 159000 238238 238238 0 0 
Sugar-05, 0 0 175219 0 262266 191191 161165 280288 0 234234 209241 0 199199 
Sugar-06, 146146 283339 175235 157161 222262 191203 143159 276292 141159 234234 179193 131131 0 
Sugar-07, 146146 319339 227235 153161 262262 191203 159167 276292 159165 238238 193229 131143 199203 
Sugar-08, 146150 303303 175227 157161 262304 191191 149167 286292 149167 238238 209217 131131 191203 
Sugar-09, 134146 283339 175235 157157 222262 191203 167167 276280 0 234238 193209 131131 199203 
Sugar-10, 130146 319335 175175 157165 262266 191191 167167 276280 167167 234238 209209 131131 199199 
Sugar-11, 134142 319339 227239 0 262262 191203 151167 276276 159159 238238 229241 131131 203203 
Sugar-12, 134134 283363 0 157157 0 191191 0 288288 157157 238238 193229 131131 0 
Sugar-13, 134134 323339 227239 161161 262262 191191 151155 276276 159159 234238 193241 131131 203203 
Sugar-14, 134146 311339 175175 0 266306 191195 155167 280292 157159 226238 209237 0 203203 
Sugar-15, 142142 283335 227239 157161 262266 191191 159167 280280 159159 234234 193209 131131 199199 
Sugar-16, 142146 283303 175239 157157 262266 187187 151171 292292 157159 238238 209213 0 0 
Sugar-17, 134142 339339 177239 157161 262262 191203 143167 0 157157 234238 193209 131135 0 
Sugar-18, 134142 339339 207207 157161 262262 203203 159161 280288 157159 234238 209237 0 199199 
Sugar-19, 134146 319339 177239 161161 262262 203203 151167 280280 149167 234238 193229 131131 199203 
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Sugar-20, 146146 323335 219227 157157 262262 191191 151167 280280 149167 238238 209209 127131 199199 
Butter-01, 134138 303323 159187 0 262282 183203 143163 284284 159161 232238 217225 131131 175183 
Butter-02, 118122 327327 195203 141145 262262 195195 135157 280284 161165 222222 189205 131135 183191 
Butter-03, 122122 323323 167195 0 262262 203203 143155 290294 0 208230 209209 127131 191203 
Butter-04, 134142 315315 187195 141141 262262 199199 151167 264264 157161 208208 189205 127131 0 
Butter-05, 122138 339359 167167 141157 262262 163195 153153 0 161169 208222 217217 0 183187 
Butter-06, 118150 315327 0 145145 282294 187203 147159 224284 146159 0 199239 127135 199199 
Butter-07, 118142 331359 191199 145157 262342 203207 159159 300300 157157 208222 205209 0 175175 
 
 
Ambystoma opacum       
 Loci 
Location Aop31 AmaD328 AjeD162 Aop36 AmaD95 AjeD23 
aop5012005BU_West, 142153 314330 189205 101101 151151 227231 
aop5022005BU_West, 239239 326326 176189 109109 172184 214239 
aop5032005BU_West, 142223 322326 197205 105105 164180 220239 
aop5042005BU_West, 231239 318326 176200 109109 180180 231239 
aop5052005BU_West, 227231 314314 197201 105109 184184 239239 
aop5062005BU_West, 231239 326326 165185 109109 201233 214239 
aop5072005BU_West, 231231 314326 171201 105105 0 223223 
aop5082006BU_West, 231231 326326 176197 117117 148172 0 
aop5092006BU_West, 153153 314318 200200 109109 0 227231 
aop5102006BU_West, 231239 318330 176192 109109 164164 239239 
aop5112006BU_West, 223227 318330 189197 101109 172180 227239 
aop5122006BU_West, 137188 285285 165165 101101 180184 227252 
aop5132006BU_West, 231231 322326 176189 105109 176176 214239 
aop5142006BU_West, 223227 322330 189197 101101 172180 231239 
aop5152006BU_West, 231231 326326 176201 105105 184184 214252 
aop5162006BU_West, 239239 314314 176205 101101 164184 214252 
aop5172006BU_West, 149157 314326 189205 109130 0 214239 
aop5182006BU_East, 153239 322326 184197 101101 151151 227227 
aop5192006BU_East, 150239 314314 176185 109109 164164 239239 
aop5202006BU_East, 157239 326326 189197 105105 197201 239256 
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aop5212006BU_East, 153227 314318 160189 109109 164164 223223 
aop5222006BU_East, 153153 314318 189201 109130 164164 227227 
aop5232006BU_East, 227239 314318 176205 105130 180184 227239 
aop5242006BU_East, 227231 314314 189205 105109 164184 227239 
aop5252006BU_East, 153239 314314 189201 109109 160180 227239 
aop5262006BU_East, 227231 330330 189201 119119 262274 227227 
aop5272006BU_East, 227227 314330 160197 109109 164172 214239 
aop5282006BU_East, 157231 322326 189189 134134 176184 227231 
aop5292006BU_East, 239239 314330 176197 130130 151151 227239 
aop5302006BU_East, 231239 314314 176189 109109 164180 227227 
aop5312006BU_East, 157239 314314 176179 0 151151 214227 
aop5322006BU_East, 239239 314330 189189 109109 192228 220239 
aop5332006BU_East, 153239 0 184189 109109 172172 214227 
aop5342006BU_East, 153223 0 189205 101101 164164 239252 
aop5352006BU_East, 153223 318326 189200 101101 176180 227239 
aop5362006BU_East, 223223 0 176205 130130 172180 227239 
aop5372006BU_East, 227239 314314 189205 105109 160180 231239 
       
 
 
Ambystoma jeffersonianum    
   Loci   
Location AjeD94 AjeD283 AjeD346 AjeD378 AjeD422
Ft Anc 194226 138138 136136 224272 256272 
Ft Anc 206222 146154 136192 208268 248248 
Ft Anc 210214 134150 180180 236244 256272 
Ft Anc 210222 134150 180180 236244 252272 
Ft Anc 210234 146154 180192 204248 240256 
Ft Anc 210238 134146 172188 244244 248272 
Ft Anc 222238 130146 180180 208272 248248 
Ft Anc 230242 138146 184184 208276 224248 
Ft Anc 23027 134138 18018 208236 248248 
GBW 198198 0 0 252252 0 
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GBW 182186 0 0 236236 0 
GBW 19019 0 0 248248 0 
DW 190194 0 0 220252 0 
Mart 186202 0 0 0 0 
 
 
Kleptogens     
 Loci 
Location AjeD94 AjeD283 AjeD346 AjeD378 AjeD422 
GBW#1 198202218 154158 080080 0 236244 
GBW#1 194210226 202202 080080 0 200236 
GBW#2 182182 134154 1362640 0 248256 
GBW#2 150234238 134154190 136136264 248248 256288 
GBW#2 150230238 134154190 136264 248248 256288 
GBW#2 154234238 130154 132260 252252 256280 
GBW#2 150238242 130154 132260 220252 248256 
GBW#2 150234242 130154 132260 220256 256280280 
GBW#2 150230242 130154 132132260 220256 25628 
GBW#2 150238242 130154 136260 220252 25628 
GBW#2 150230242 130154 132132260 220252 25628 
GBW#2 154238242 130154 13226 220252 25628 
GBW#2 150230242 130154 13226 220252 25628 
GBW#2 150230238 130154 132284 220252 256284 
GBW#2 190194202 130154 136136284 220252 256284 
GBW#2 186194214 154158 0080080 0 208236 
GBW#2 150190202 162166 0080080 0 208240 
GBW#2 190194202 158174 178178 0 200232 
GBW#2 150238242 130154 132256 220252 256280 
GBW#2 150230242 130154 132132260 220252 256280 
GBW#2 190194202 166202 080080 0 200208 
GBW#2 150186198 130154 136284 216252 256284 
GBW#3 150230234 134154190 136264 232252 256288 
GBW#3 150226238 130154 136304 216252 256284 
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GBW#3 150234238 130154 136136276 216252 256284 
GBW#4 150230238 130154 136276 216252 256284 
DW#1 150242254 134190 188192268 252 248288 
DW#1 150250 134190 184272 248 0 
DW#1 150242254 134150 188192268 240 196248288 
DW#1 150250 134154190 184272 244 200248280 
DW#1 150242254 134190 188192268 256 248288 
DW#1 150250 134178190 184272 260 200248284 
DW#1 150250 134154190 184272 0 200232248 
DW#1 150202238 134154 184268 260 232248260 
DW#1 150202254 134150 184268 256 248260284 
DW#1 150250 134190 184272 256 200248284 
DW#1 0 150154166 0 252 0 
DW#1 150250 134190 184272 220252 200248 
DW#1 150242 134154 188268 220252 232248288 
DW#1 150250 154202 0 220256 220232 
DW#1 150250 13419 184272 220256 200248 
DW#2 150250 130178190 184292 252 200236248280 
DW#2 150250 130190 184292 252252 200248280 
DW#3 150150 158158 080184 0 236244 
DW#3 150154 158166170 808 0 188236 
Butter 150226242 134138154 136264 252 192248256288 
Butter 150222242 134154 136264 252 248256288 
Butter 150226246 134154 136268 256 248256288 
Butter 150214242 138154 136264 236 248256288 
Butter 150226242 138154190 136264 252 248256288 
Butter 0 134154170 136264 252 192248256288 
Butter 150226242 134154 136264 252 248256288 
Butter 150226242 134154 136264 252 248256288 
Butter 150226246 134154 136268 252 248256288 
Butter 150226242 134154 136264 252 248292 
MMOBS 150222250 138154198 136284 220256 224244256284 
MMOBS 150222250 138154166 136284 220256 208244256284 
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MMOBS 150226242 134154166 136284 220 208244256284 
MMOBS 150222250 138154198 136284 220256 224244256284 
MMOBS 150222250 134138154 136284 220256 224244256288 
MMOBS 150226246 134154166198 136284 220256 208224244256 
MMOBS 150226246 134154198 136284 220256 208244256284 
MMOBS 150226242 134154 284284 22026 208244256284 
MMOBS 150226242 134154166174 136284 220256 208224244256 
MMOBS 150226242 134154166 136284 220256 208244256284 
MMOBS 150226242 134154202 284284 2202600 224244256284 
MMOBS 226242 134154166 136284 220256 208244256284 
MMOBS 150226242 134154174 136284 220256 224244256284 
MMOBS 150222246 138154202 136284 220256 208244256284 
MMOBS 150222246 138154174 136284 220256 224244256284 
MMOBS 150226242 13415202 136284 220256 224244256284 
MMOBS 150222246 138154202 136284 220256 224244256284 
MMOBS 150226242 134154198 136284 220256 224244256284 
MMOBS 150222246 134138154 136284 220256 208244256284 
MMOBS 150222250 138154178 136284 22026 208244256284 
MMOBS 150218242 138154 136284 0 224248256284 
MMOBS 0 138154170 136284 220256 224248256284 
MMOBS 150222238 134154158 136284 0 224248256284 
MMOBS 150222242 134154202 136284 0 212248256284 
MMOBS 150218242 134154202 136284 220256 212248256284 
MMOBS 150218242246 138146154158 136284 220256 248256284 
MMOBS 150222238 134154202 136284 220256 208248256284 
MMOBS 150222238 134154202 136284 220256 220248256284 
MMOBS 150222250 138154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256284 
MMOBS 150222250 138154 136284 220256 244256284 
MMOBS 150222250 138154 136284 220256 244256284 
MMOBS 150222250 138154 136284 220256 244256284 
MMOBS 150222250 138154 136284 220256 244256284 
MMOBS 150222250 138154 136284 220256 244256288 
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MMOBS 150222250 138154 136284 220256 244256288 
MMOBS 150222250 138154 136284 220256 244256288 
MMOBS 150226242 134154 284284 22026 244256284 
MMOBS 150226242 134154 284284 22026 244256284 
MMOBS 150226242 134154 284284 22026 244256284 
MMOBS 150226242 134154 284284 22026 244256284 
MMOBS 150222246 138154 136284 220265 244256284 
MMOBS 150222246 138154 136284 220265 244256284 
MMOBS 150222246 138154 136284 220265 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222250 138154 136284 220256 244256284 
MMOBS 150218226 134154 136284 220256 244256284 
MMOBS 150218226 134154 136284 220256 244256284 
MMOBS 150218 134154 136284 220256 244256284 
MMOBS 150218226 134154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256284 
MMOBS 150218222 138154 136284 220256 244256284 
MMOBS 150218226 134154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256284 
MMOBS 150222250 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150218226 134154 136284 220256 244256284 
MMOBS 150222242 138154 136284 220256 244256284 
MMOBS 150218226 134154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256284 
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MMOBS 150182218 154158 196260 256256 232248 
MMOBS 150226242 134154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256280 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150226242 134154 136284 220256 244256280 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222242 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222250 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222250 138154 136284 220256 244256284 
MMOBS 150222250 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150222246 138154 136284 220256 244256284 
MMOBS 150214222 134154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 150222242 134154158 136284 0 248256284 
MMOBS 0 138154158 136284 0 248256284 
MMOBS 0 138154 136284 220256 248256284 
MMOBS 150222242 134154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 150214218 134154 136284 220256 248256284 
MMOBS 0 134154 136284 220256 248256284 
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MMOBS 150222242 134154158 136284 220256 248256284 
MMOBS 0 134154 136284 220256 248256284 
MMOBS 150218246 138154158 136284 220256 248256284 
MMOBS 0 134154 136284 220256 248256284 
MMOBS 150222238 134154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 150218242 134154 136284 220256 248256284 
MMOBS 0 134154 136284 220256 248256284 
MMOBS 150222238 138154 136284 220256 248256288 
MMOBS 0 134154 0 220256 0 
MMOBS 0 138154 136284 0 0 
MMOBS 150222238 134154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 0 138154 0 220256 248256284 
MMOBS 0 134154 0 220256 248256284 
MMOBS 0 134154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 150222238 134154 136284 220256 248256284 
MMOBS 150222238 134154 136284 0 248256284 
MMOBS 0 13417 0 0 224 
MMOBS 0 134202 0 0 212 
MMOBS 0 134202 0 0 208 
MMOBS 0 134178 0 0 212 
MMOBS 0 178202 176180 0 212224 
MMOBS 0 138154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 150218246 138154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 150218246 138154 136284 220256 248256288 
MMOBS 150218246 138154 136284 220256 248256284 
MMOBS 150222238 134154 136284 220256 248256284 
MMOBS 0 138154 136284 220256 248256284 
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MMOBS 150222238 134154 136284 220256 248256284 
MMOBS 150222238 134154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 0 134154 136284 0 248256284 
MMOBS 150202242 138154 136284 220256 248256284 
MMOBS 150222238 134154 136284 0 248256284 
MMOBS 0 138154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 150222238 134154 136284 220256 256284 
MMOBS 150222238 134154 136284 0 248256284 
MMOBS 150222242 134154 136284 220256 248256284 
MMOBS 150222238 134154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 150218242 138154 136284 0 248256284 
MMOBS 150222242 134154 136284 0 248256284 
MMOBS 150218246 138154 136284 0 248256284 
MMOBS 150222238 134154 136284 220256 248256284 
MMOBS 150218242 138154 136284 220256 248256284 
MMOBS 150222238 134154 136284 220256 248256284 
MMOBS 150222238 134154 284284 220256 248256284 
MMOBS 150222238 134154 136284 220256 248256284 
FtAnc 150230238 134154 136284 224260 248260288 
 
 
Ambystoma tigrinum  
 Loci 
Location ATS14-3 ATS5-7 ATS4-20 
2BG1, 410451 236244 104104 
2BG2, 398398 236246 104104 
2BG3, 412412 236240 104104 
2BG4, 402491 236244 104104 
2BG5, 412491 236244 104104 
2BG6, 412412 244244 104104 
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2BG7, 410410 246246 104104 
2BG8, 396396 240246 104104 
2BG9, 410437 240240 104104 
2BG10, 402402 240244 104104 
2BG11, 398493 244246 104104 
2BG12, 410439 236246 104104 
2BG13, 410410 240244 104104 
2BG14, 414499 240246 104104 
2BG15, 414414 236244 104104 
2BG16, 410499 240244 104104 
2BG17, 489489 236244 104104 
2BG18, 398414 236244 104104 
2BG19, 0 236240 104104 
2BG20, 410410 244246 106106 
3BG1, 398414 236244 104104 
CP11, 435435 240246 104104 
CP13, 0 236240 104104 
CP14, 0 240240 104104 
CP15, 0 236236 104104 
2CP, 406406 246246 104104 
3CP, 435435 234246 102102 
4CW, 406406 236246 104104 
5CW, 0 246246 104104 
6CW, 406451 236246 104104 
7CW, 451451 246246 104104 
8CW, 0 236240 104104 
10CW, 0 246246 104104 
3DW1, 372372 230230 100100 
3DW2, 0 232232 104104 
3DW3, 412412 240246 104104 
3DW4, 410412 240240 104104 
3DW5, 414414 240244 104104 
1D1, 408408 240246 104104 
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1D3, 410410 240244 104104 
1D4, 0 242244 104104 
1D5, 410410 242246 104104 
1D9, 410410 240244 104104 
1D11, 366372 232232 100100 
1D14, 366366 232232 100100 
1S, 408410 246246 104104 
4F, 377377 232232 100100 
5F, 375377 232232 100100 
1F, 377377 232232 100100 
3F, 377377 232232 100100 
 
 
 
 
Glossary 
 
Allele Any of two or more detectable alternative forms of a gene that occupy the same 
locus on a chromosome. 
 
Allelic Distribution A method of detecting genic differentiation between populations by 
testing the null hypothesis "the allelic distribution is identical across populations". Here, 
an unbiased estimate of the P-value of the probability test (or Fisher exact test) is 
performed, as described by Raymond and Rousset (1995). A contingency table is 
constructed for the alleles at each locus, each row representing a population, each column 
an allele. Since the data set is too large to be perform an exact Fisher test on the 
contingency table, an unbiased estimate of the exact value (or P) of a type one error 
probability for rejecting the null hypothesis is computed using a Markov chain method. 
 
Ambystomatid salamanders Salamanders of the family Ambystomatidae, commonly 
called "mole salamanders," widely distributed throughout most of North America. 
Metamorphosed, terrestrial adults have robust bodies and limbs and short, blunt heads. 
They live under litter or in burrows on the forest floor and return to temporary ponds to 
breed. 
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Anuran An amphibian in the order Anura (meaning "tail-less", from Greek an-, without 
+ oura, tail), formerly referred to as Salientia (Latin salere (salio), "to jump"). Frogs and 
toads are in the order Anura. 
 
Coefficient of Conservatism Coefficients of Conservatism (CoC) range from 0 to 10 and 
represent an estimated probability that an organism is likely to occur in a landscape 
relatively unaltered from what is believed to be a pre-settlement condition. 
 
F statistics The fixation index as developed for population genetics by Sewall Wright, 
rather than the F test in which the test statistic has a Fisher-Snedecor distribution. F is the 
inbreeding coefficient, so that when F=0 there is no inbreeding. Specifically Fis is the 
inbreeding coefficient (F) averaged across all individuals from all population fragments. 
Fis is the inbreeding in the total population and can be calculated using the formula Fis = 
1 – (Ht/Hs) where Hs is the heterozygosity of subpopulations and Ht is the heterozygosity 
of the overall total population. Most used in the literature is Fst, the inbreeding due to 
differentiation among subpopulations relative to the total population. Fst = 1 – (Hs/Ht) 
where Hs is the heterozygosity of subpopulations and Ht is the heterozygosity of the 
overall total population. Although variation exists between species, interpretation of Fst 
generally is as follows: 
• < 0.05 = little differentiation 
• 0.05 - 0.15 = moderate differences 
• 0.15 - 0.25 = great differences 
• > 0.25 = very great differentiation 
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Fossorial Referring to burrowing or subterranean life history, especially living under or 
within the leaf litter of a forest. 
 
Fragmented Habitat Formerly continuous habitat for a population presently 
discontinuous and separated by habitat inhospitable to dispersal and gene flow. 
 
Genetic Diversity Variation at the level of individual genes which provides a mechanism 
for organisms and populations to adapt to an ever-changing environment. 
 
Gene Flow Movement of genes from one population to another, causing them to become 
more similar. Genetic migration is the primary agent of gene flow.  
 
Gene Frequencies The term can be used in population genetics for allele frequencies. 
 
Genetic Drift A force that reduces heterozygosity by the random loss of alleles. Drift is 
inversely related to population size. Infinitely large populations (an assumption of the 
Hardy-Weinberg equilibrium) will not experience drift, whereas small populations will 
experience major effects of drift. 
 
Genotype The genetic composition (alleles) of an individual in total or at a specific 
locus. 
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Genotypic Distribution A method of detecting genotypic differentiation between 
populations by testing the null hypothesis "the genotypic distribution is identical across 
populations".  
 
Hardy-Weinberg Equilibrium (HWE) A state in which genotype frequencies and ratios 
remain constant for the loci being considered from generation to generation provided one 
or more certain assumptions are not violated. Those assumptions are: 1) there are no 
mutations, 2) gene flow in to or out of the population does not occur, 3) the population is 
large so that genetic drift does not occur, 4) mating is random, 5) natural selection is not 
occurring, 6) the population reproduces sexually, and 7) the organism are diploid. A 
population with statistically significant departures from HWE expectations will return to 
HWE after one generation if none of the underlying assumptions have been violated. 
 
Heterozgous Having two different alleles at the same locus on homologous 
chromosomes. 
 
Homozygous Having two identical alleles of a particular gene.  
 
Inbreeding Depression A reduction in fitness in a population resulting from breeding of 
closely related individuals. 
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Locus from the Latin for 'place'. A stretch of DNA at a particular place on a particular 
chromosome — often used for a 'gene' in the broad sense, meaning a stretch of DNA 
being analyzed for variability (e.g., a microsatellite locus). 
 
Microsatellite Areas of repetitive DNA within the genome where the repeating unit is 
very small, usually 1-6 nucleotides (e.g. 4 base pair repeating unit = tetra repeat). These 
are generally polymorphic within a population and are typically selectively neutral, co-
dominant and are used as molecular markers which have wide-ranging applications in the 
field of genetics, including kinship and population studies. 
 
Migration In population genetics, migration means the (permanent) movement of genes 
into or out of a population. Thus, a 'migrating' warbler does not cause any migration (in 
the genetic sense) by moving from breeding grounds in Wyoming to wintering grounds in 
Mexico and then returning to breed in the same Wyoming locale.  We refer to the process 
of genes moving among populations as gene flow. 
 
Mutation A change in the nucleotide sequence of a gene. 
 
Natal Fidelity Returning to an individual’s birth pond to breed. A related term, 
philopatry, refers to an individuals to stay in or return to its place of birth. 
 
Population Genetics Study changes in gene frequencies over relatively short periods of 
time. 
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Primer Short, preexisting single-stranded polynucleotide chain to which new 
deoxyribonucleotides can be added by DNA polymerase (to 'prime' PCR amplification). 
The primer anneals to a nucleic acid template (DNA of the organism of interest) and 
promotes copying of the template, starting from the primer site. To amplify 
microsatellites one uses a forward and reverse primer pair 
 
Tolerance Coefficient The assignment of a Coefficient of Conservatism (CoC) to each 
native species based on that species tolerance for disturbance and fidelity to a particular 
pre-settlement community type, used interchangeably with Coefficient of Conservatism. 
 
Urodele An amphibian in the order Urodela, the salamanders. This order was formerly 
the Caudata, characterized by amphibians that retain their larval tail in the adults. 
Compare to Anura, the order of frogs and toads in which the adults are without tails. 
 
Vagility The degree to which and organism (or taxon) can move or disperse in the 
environment. 
 
